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Preface

This report presents a synthesis of the information available on the causes and factors influencing
the occurrence of dissolved oxygen concentrations in the San Joaquin River (SJR) Deep Water
Ship Channel (DWSC) near the city of Stockton below the water quality objective (standard). In
accord with the scope of work for the Synthesis Report contract with the National Fish and
Wildlife Foundation (NFWF), “ The approach [for development of the Synthesis Report] will be
to update the August 2000 ‘Issues report, incorporating new information that evolves from the
Directed Action-supported projects, Strawman activities, and other sources.” This report
presents the authors' discussion of these issues relative to information in the literature and their
professional expertise and experience pertinent to this issue. In addition the 2002 SIR DWSC
oxygen demand loads to the SIR DWSC and the DO concentrations as measured at the
Department of Water (DWR) Resources Rough and Ready Island (RRI) continuous monitoring
station are presented and discussed. This report also serves as the fina report for the
“Administrative’” component project of the CALFED 2001 Directed Action project. This report
is referred to herein as the “Synthesis Report,” with the understanding that it covers more than
just a synthesis of the CALFED-supported low-DO projects.

DO depletion in the DWSC during the summer and fall below the water quality objective
(WQO) has been a long-standing problem that, under TMDL provisions of the Clean Water Act
regulatory requirements, must begin to be controlled. The Central Valley Regional Water
Quality Control Board (CVRWQCB) developed an approach for solving this problem that
involved the formation of a SIR DO TMDL Steering Committee of stakeholders. The Steering
Committee developed a Technical Advisory Committee (TAC). As originaly developed, this
Steering Committee was to, by the end of December 2002, develop an implementation plan to
control DO excursions below the water quality objective that would be acceptable to the
CVRWQCB. In order to assist the Steering Committee and the CVRWQCB in developing the
low-DO control program, approximately $3.5 million in research has been devoted to the study
of the SIR DWSC and its watershed over the past three and a half years. This report presents a
synthesis of the current technical information that has been developed from these studies that can
help guide the formulation of a Phase | TMDL implementation plan to control low DO in the
DWSC.

The technical studies had two primary purposes. One was to determine the assimilative capacity
of the DWSC for oxygen-demanding materials of various types and under the various conditions
that can influence the oxygen demand constituent assimilative capacity of the DWSC. The other
was to provide atechnical base of information upon which the Steering Committee/ CVRWQCB
can potentially assign a technical allocation of responsibility for control of oxygen-demanding
substances, to control oxygen depletion below the water quality objective. While the
responsibility for solving water quality problems of this type may not necessarily be allocated
based on strictly technical reasons, such as the relative contribution of the oxygen demand
constituents responsible for DO depletion below the WQO in the DWSC, the allocation of
responsibility based on a technical analysis of the sources of the loads and those responsible for
adversely impacting the oxygen demand assimilative capacity of the DWSC is an appropriate
point to start the allocation of responsibility process.



The results presented in this report represent the efforts of scientists and engineers that, through
CALFED and other sources of financial support, have developed a series of project reports on
the low-DO problem. The May 2002 draft of this Synthesis Report was designed to aid a
CALFED-organized external peer review that was conducted in June 2002 of the current
information presented in these reports on the causes and factors influencing the low-DO problem
in the DWSC. The peer review panel addressed the issue of the adequacy of the technical
information base to begin to formulate a water quality management plan for the SIR DWSC that
will ultimately lead to the elimination of the violations of the dissolved oxygen water quality
standard (objective). Thisfinal report includes a discussion of the peer review panel’s comments
on these study results that were submitted to them in early May 2002.

Many individuals have contributed to the development of the information upon which this report
isbased. The principle investigators for the component projects (R. Brown, Jones & Stokes; C.
Chen, Systech Engineering; P. Hutton, H. Rajbhandari, K. Jacobs, P. Lehman, P. Nader, CA
Department of Water Resources; C. Kratzer, and P. Dileanis, USGS; G. Litton, University of
Pacific; N. Quinn, and W. Stringfellow, Lawrence Berkeley Laboratory; and A. Tulloch, Tulloch
Engineering) made major contributions to the results summarized in this report. C. Foe, M.
Gowdy, and T. King of the CVRWQCB provided significant technical information and guidance
in conducting these studies. R. Dahlgren of the University of California, Davis, made available
to these studies the results of his studies on the characteristics of waters in the SIR watershed.
Further, significant contributions were made by S. Hayes, C. Ralston and J. Giulianatti,
Department of Water Resources, through providing data on the characteristics of the DWSC. C.
Ruhl, of the USGS provided the recent SIR DWSC flow data. E. Van Nieuwenhuyse of the
USBR provided technical guidance in several areas. The assistance of J. McGahan, of Summers
Engineering, in describing the Mud and Salt Slough watersheds is appreciated. Alex and Mary
Hildebrand, through Mary’ s chairmanship of the SIR DO TMDL Steering Committee and Alex’s
advice on South Delta flow management issues, contributed significantly to the development of
the information presented in this report. The assistance of T. Quasebarth of CDM in review of
the draft report is appreciated. The assistance of Debra Stevens in preparation of this report is
greatly appreciated.

Financial support for these studies and this Synthesis Report was provided primarily by
CALFED through grants to the SIR DO TMDL component projects, where B. Marcotte was a
primary CALFED contact for these studies. She was assisted by S. Harader of CALFED. S.
Luoma, Director of the CALFED Science Program, aso played a major role in developing the
results summarized in this report. Significant support was provided by the Steering Committee
members’ institutions through donation of time and, for some, financial support. Of particular
importance is the approximately $500,000 of support provided by the city of Stockton. W.
Jennings, the DeltaKeeper, provided, through California Sportfishing Protection Alliance
litigation settlements with the cities of Manteca and Turlock, over $120,000 in support of the
technical effort to develop information that can be used to manage the DWSC low-DO problem.



The senior author of this Synthesis Report, G. F. Lee, has been involved in studies of this type
over the past 42 years. The experience gained from working on problems of this type in other
locations has been incorporated into a discussion of the issues presented in this report.

Because of time constraints between when 2001 study reports were made available and the need
to develop an assessment of the current understanding of oxygen demand loads and impacts for
the peer review panel meeting scheduled for June 2002, and because of funding limitations, this
Synthesis Report is based on a partial review of the total database available from the past three
years studies of oxygen demand sources, loads and impacts in the DWSC. It is anticipated that
it will be updated as time and funds permit further review of the existing database. Further in-
depth data review will likely clarify some of the issues that at this time are partialy understood.
This report has been made available to the SIR DO TMDL Steering Committee and its Technical
Advisory Committee members, as well as others, for their review and comment. Comments
received have been considered and appropriate changes have been made in the report. We want
to thank those who made comments on the draft report; these comments have improved the
quality of this report.

Originaly it was planned that this Synthesis Report would be finalized immediately after the
external peer review that took place in mid-June 2002. The finalization would include responses
to the peer reviewers general comments on the project. Draft responses to the peer reviewers
comments were distributed to the SIR DO TMDL Steering Committee and the TAC for review
and comment. Based on these comments, final responses to the peer reviewer comments are
included as a section of thisfinal report.

In June 2002 the PIs for the Directed Action component projects requested a three-month no-cost
extension of their contracts to complete their reports. This extension established August 31,
2002, as the due date for the final reports from each of the component projects. It was intended
that the final Synthesis Report would be completed in September 2002. However, many of the
Pls for the component projects did not submit their final reports by the August 31, 2002, due
date. Asof March 18, 2003, K, Jacobs, C. Kratzer, P. Lehman and N. Quinn have not submitted
final Directed Action 2001 project reports.

In May 2002 the SIR DO TMDL Steering Committee and CALFED determined that it would be
desirable to issue a contract which would add an additional task to Dr. Lee’'s contract which
would develop guidance on developing and funding a DWSC aeration pilot study. Thistask was
undertaken by URS Corporation in a subcontract through Dr. Lee’s Directed Action component
project. The URS subcontract was conducted by Lisa Hunt with the assistance of Steve Ritchie.
A final report for the additional task was completed by the end of October 2002. A summary of
thistask final report is presented in this final Synthesis Report.

NFWF and CALFED approved rebudgeting of some of the funds in the Lee and Jones-Lee
Directed Action component project to support the administration of the component projects
during the three-month extension. Also, some of these funds were to be used to continue the
Synthesis Report data review that could not be completed during the project period. In early July
CALFED redirected this effort from further data review to developing a suggested monitoring



program for Phase | of the TMDL implementation program. The recommended monitoring
program isincluded as a new section of thisfinal Synthesis Report.

The final Synthesis Report includes new information on the potential impact of urban stormwater
runoff as a source of oxygen demand that leads to DO depletion in the DWSC below the water
quality objective. In early November 2002 several inches of rainfall occurred in Stockton. The
DeltaK eeper monitored the DO concentrations in the Stockton waterbodies that drain stormwater
to the DWSC. A review of these data, as well as the DWR RRI monitoring data is presented in
thisfinal Synthesis Report.

In September 2002 R. Brown requested that his aeration project be expanded to include $40,000
to cover additional work on aeration evaluation. This expansion was approved by the SIR DO
TMDL Steering Committee, NFWF and CALFED. The expanded project budget period ended
December 31, 2002. In January 2003 R. Brown submitted a final report covering his aeration
component project. The results of R. Brown’s additional work on aeration evaluation have been
summarized in this final Synthesis Report.

In September CALFED issued a request for topics that should be included in an EIS/EIR for its
South Delta Project. This project is designed to enable greater export of Delta water to Central
and Southern California. G. F. Lee provided comments to CALFED on the need for the EIS/EIR
to include an assessment of the impact of the current as well as future increased export of Delta
water. G. F. Lee'scomments are included in thisfinal Synthesis Report.

During the winter 2002-2003, G. F. Lee examined the DO monitoring data obtained from the
DWR RRI station for 2002 through mid-March of 2003. Data from this period show some of the
greatest DO depletions in the DWSC that have been recorded. This led G. F. Lee to develop
estimated oxygen demand loads to the DWSC during 2002. A section of this Synthesis Report
has been developed which presents this information. Included in this section is a discussion of
the low-DO conditions that occurred in mid-February/March 2002, and that occurred in mid-
January and February 2003. During mid-February 2003, the DO at the RRI monitoring station
reached a low of 0 mg/L, which was accompanied by a fish kill. These studies have shown the
importance of gaining an understanding of the need for winter oxygen demand load DWSC DO
response studies, in order to understand how best to manage the DO WQO violations that have
occurred during the past two winters, and occasionaly in previous winters.

Overall, this Synthesis Report fulfills the objectives of the scope of work for the CALFED Low-
DO Directed Action “Administrative” project of updating the information base that is available
through mid-March 2003 on the causes and factors influencing the occurrence of low DO in the
DWSC and the sources of constituents responsible for low-DO conditions in the DWSC. It adso
provides information on the approach that should be followed during the Phase | TMDL
program. It is anticipated that, as time and funds permit, supplements to this Synthesis Report
will be developed as new information becomes available.

G. Fred Lee and Anne Jones-Lee
March 2003
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Regulatory Background to the I nvestigations of the L ow-DO Problem
in the SIR DWSC near Stockton

The low-DO problem in the San Joagquin River near Stockton requires that the Central Valley
Regional Water Quality Control Board (CVRWQCB) develop a TMDL to control the depletion
of DO below the water quality objective. The TMDL timeline requires that the CVRWQCB
develop an assessment of this problem that can be submitted to the US EPA as a technical
TMDL in June 2003. In addition, the CVRWQCB will adopt an implementation plan to control
DO depletion below the water quality objective, within about a year of the submission of the
technical TMDL to the US EPA. The investigations that serve as the basis for this Synthesis
Report have been formulated/conducted to provide the information needed to meet this TMDL
timeline. From the beginning it has been understood that, as with all TMDLs for complex issues,
this TMDL will be conducted in a phased approach where the first phase will be specifically
directed to implementation of the management plan to control the low-DO problems in the
DWSC. It is understood that directed implementation studies will need to be conducted during
the first phase. To assist reviewers of this report in understanding the CVRWQCB Phase |
implementation plan, the authors of this Synthesis Report suggested that the CVRWQCB staff
(Dr. Chris Foe and Mark Gowdy) provide information on their current plan for implementation
of the TMDL Phase I. This information is being provided in separate documents (Foe, 2002;
CVRWQCB, 2003). These documents are available from the SIR DO TMDL website
(www.grtmdl.org). They should be reviewed as background to areview of this Synthesis Report
since they provide information on how the results of the studies reported herein will be
implemented into a low-DO management plan. In mid-March 2003 the CVRWQCB reviewed
the staff’s proposed approach for developing Phase | of the TMDL implementation plan. They
approved the approach recommended by the staff in their February 2003 report.
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Executive Summary

During the summer and fall, the first approximately seven miles of the San Joaquin River (SJR)
Deep Water Ship Channel (DWSC) near the Port of Stockton frequently experiences dissolved
oxygen (DO) concentrations below the water quality objective (standard). This has led to a
Clean Water Act (CWA) section 303(d) designation as an “impaired” waterbody, which in turn
requires the development of atotal maximum daily load (TMDL) to control the violations of the
DO water quality objective. Beginning in the summer of 1999, through the fall 2001, members
of a Technical Advisory Committee (TAC) to the SIR DO TMDL Steering Committee of
stakeholders conducted about $3 million of studies on the causes and sources of constituents
responsible for violations of the DO water quality objective in the DWSC.

This Synthesis Report presents a synopsis of the results of these studies, as well as information
based on other studies and the authors experience. Particular attention is given to providing an
overview discussion of the current understanding of the constituents responsible for low DO,
their sources and the factors influencing how oxygen-demanding constituents added to the
DWSC lead to violations of the DO water quality objective. Also, information is provided on
potential approaches to control low DO in the DWSC.

Physical and Hydrological Characteristics of the SJIR and DWSC

(Maps showing the locations of the areas discussed in the Executive Summary are located in the
beginning of the report text, as Figures 1 through 5.)

The SIR watershed consists of over 7,000 square miles in the Central San Joaquin Valley of
California below the eastside reservoirs. The total watershed, which includes the Sierra-Nevada
mountains above the reservoirs is estimated to be 13,536 square miles. It is bounded on the east
by the Sierra-Nevada mountains, and on the west by the Coast Range mountains. It extends
north from Fresno to the Sacramento-San Joagquin River Delta. The eastside rivers (Merced,
Tuolumne and Stanislaus Rivers), including the San Joaguin River, which drain the western
slopes of the Sierra-Nevada mountains, are the primary sources of water for the SIR. Upstream
of the Port of Stockton, the SIR is about 150 feet wide and eight to 10 feet deep, and is
freshwater tidal, with about a three-foot tide at the Port of Stockton. At the Port the River is
about 250 feet wide and is dredged to a depth of 35 feet to San Francisco Bay.

The flow of the SIR during the summer and fall is highly regulated by upstream reservoir
releases and agricultural and other water diversions. These diversions increase the hydraulic
residence time of the critical reach (first seven miles) of the DWSC, and thereby contribute to the
low-DO problem within the DWSC. During the summer months, the flow in the SJR through the
DWSC can range from a negative flow (i.e., upstream to Old River), to typically 500 to 1,200 cfs
net downstream flow, to, at times, several thousand cfs downstream flow. The net downstream
flows occur with a background of 2,000 to 4,000 cfstidal flow.

The city of Stockton discharges its treated domestic wastewaters to the SIR approximately two

miles upstream of where the SIR enters the DWSC at Channel Point. There are severa other
domestic and commercial wastewater discharges to the SIR and its tributaries in the SIR DWSC
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watershed. Further, there are numerous points where agricultural irrigation tailwater discharges
to the SIR and its tributaries occur throughout the watershed.

The critical reach of the SIR DWSC for low-DO problems is approximately the seven miles just
downstream of the Port to Turner Cut. This reach has experienced DO depletion below the water
guality objective over the past 40 years or so. The hydraulic residence time of the critical reach
can vary from about four days, with SIR DWSC flows of 2,000 cfs, to approximately 30 days at
250 cfs. These travel times are important in determining the amount of time available for
oxygen demand exertion within the DWSC before the oxygen demand is diluted by the cross-
SIR DWSC flow of the Sacramento River at Disappointment Slough/Columbia Cut arising from
the export pumping of South Delta water to Central and Southern California by the State and
Federal Projects. This cross-SJIR DWSC flow limits the downstream extent of DO depletion in
the DWSC.

DO Depletion in the DWSC

During the summer and fall months, dissolved oxygen concentrations in the DWSC water
column from just downstream of the Port to, at times, as far as Turner Cut, are depleted one to
several mg/L below the water quality objective of 5 mg/L during the summer through August,
and 6 mg/L from September through November. Under low SIR DWSC flow conditions of a
few hundred cfs, the DO concentrations in the DWSC waters at or near the bottom can be as low
as about 1 to 2 mg/L. The DO concentrations near the bottom of the DWSC are sometimes one
to two mg/L lower than those found in the surface waters. This difference is not due to thermal
stratification within the DWSC, but is related to inadequate vertical mixing of the water column
by tidal currents, algal photosynthesis in the near-surface waters and suspended particulate BOD
in the near-bottom waters.

The point of maximum DO depletion in the critical reach of the DWSC is a function of the flow
of the SJR through the DWSC, where higher flows cause the point of maximum DO depletion to
shift downstream. During periods of significant algal photosynthesis, where planktonic algal
chlorophyll a is greater than about 20 to 30 pg/L, there can be a several mg/L diel DO changein
the surface waters of the DWSC.

Constituents Responsible for Oxygen Depletion and Their Overall Sources

The depletion of DO below the water quality objective is caused by carbonaceous biochemical
oxygen demand (CBOD) and nitrogenous BOD (NBOD). The CBOD occurs primary in the
form of algae, with city of Stockton residual CBOD present in their wastewater effluent, as well
as CBOD derived from other sources. The NBOD is composed of ammonia and organic
nitrogen that is mineralized to ammonia, which is biochemically oxidized to nitrite and nitrate
(nitrification). At times, especially during high ammonia concentrations in the wastewater
effluent and low SIR DWSC flows, the City’ s wastewater effluent can contribute over 80 percent
of the total oxygen demand load to the DWSC. At other times, the City’s contribution to the
oxygen demand load can be on the order of 10 to 20 percent of the total oxygen demand load to
the DWSC.
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The primary source of carbonaceous and, to some extent nitrogenous, oxygen demand for the
DWSC occurs in the form of algae that develop in the SIR upstream of the DWSC. At timesthe
upstream oxygen demand loads represent on the order of 90 percent of the total oxygen demand
load to the DWSC. The relative proportion of the city of Stockton and upstream oxygen demand
loads is variable, dependent on the City’s wastewater effluent ammonia concentrations, the
planktonic algal concentrations in the SIR that discharges to the DWSC, and the flow of the SIR
through the DWSC.

The limitation of the downstream extent of the DO depletion caused by the cross-SJIR DWSC
flow of the Sacramento River at Columbia Cut results in some situations where part of the
oxygen demand load to the DWSC from the City and upstream sources is not exerted in the
critical reach of the DWSC —i.e,, it is transported into the Central Delta, where it is diluted by
the cross-channel flow of the Sacramento River. As a result, an issue that must be better
understood in order to appropriately manage the low-DO problem is a determination of the part
of the oxygen demand load from the City and upstream sources that is exerted within the critical
reach that leads to DO concentrations below the water quality objective. Additional information
is needed on the amount of the oxygen demand load from the various sources and constituents
that is exerted in the DWSC that leads to DO concentrations bel ow the WQO.

Factors Influencing DO Depletion in the DWSC
There are a number of factors that have been found to influence the DO depletion in the DWSC
for agiven oxygen demand load. These include the following:

e Port of Stockton. The development of the DWSC to the Port of Stockton greatly reduced
the oxygen demand assimilative capacity of the SIR below the Port. It has been found
that, if the Deep Water Ship Channel did not exist, there would be few, if any, low-DO
problemsin the channel.

e SJIR Flow through the DWSC. The flow of the SJR through the DWSC influences DO
depletion by affecting the hydraulic residence time (travel time) of oxygen demand loads
through the critical reach. Under high flow conditions (> about 2,000 cfs), DO depletions
below the water quality objective do not occur in the DWSC. SJIR flows through the
DWSC of a few hundred cfs lead to the greatest DO depletion below the water quality
objective. The flow of the SIR through the DWSC influences the amount of upstream
aga (oxygen demand) load that enters the DWSC, with greater oxygen demand loads
occurring with higher flows. The magnitude of the oxygen deficit below the water
quality objective is SIR DWSC flow-dependent.

e Sacramento River Cross Channel/Delta Flow. The export pumping of South Delta
water by the State and Federal Projects to Central and Southern California creates a
strong cross-Delta flow of Sacramento River water. This cross-Delta flow limits the
downstream extent of DO depletion within the DWSC to upstream of Disappointment
Slough/Columbia Cut.

e Growth of Algae within the DWSC. Appreciable aga growth occurs within the DWSC;
however, this growth does not add to low-DO problems in the surface waters of the
DWSC, since it is accompanied by oxygen production through photosynthesis. The
increased algal growth within the DWSC is likely causing increased DO depletion in the



near-bottom waters of the DWSC, due to the settling and death of the DWSC-produced
algae.

Sediment Oxygen Demand (SOD). Measurements of the bedded sediment oxygen
demand within the DWSC show that it tends to be somewhat |lower than normal SOD for
“polluted” waterbodies. However, the tidal velocities that occur within the DWSC have
been found to be sufficient to suspend bedded sediments and to hinder the settling of
particulate oxygen demand. This leads to an increased oxygen demand associated with
particulates in the near-bottom waters of the DWSC. The bedded sediment oxygen
demand of the DWSC between Channel Point and near Turner Cut is estimated to be
about 2,000 Ib/day, which is at the upper end of the measured SOD values.

Atmospheric Aeration. Since the surface waters of the DWSC tend to be undersaturated
with respect to dissolved oxygen, except possibly during late afternoon when intense
photosynthesis is occurring in the surface waters, there is a net transfer of atmospheric
oxygen to the DWSC through atmospheric surface aeration. It has been estimated that
about 4,500 |b/day of oxygen is typicaly added to the critica reach of the DWSC
through surface aeration.

Light Penetration. Secchi depths typically on the order of 1 to 2 ft are found in the SIR
and in the DWSC during the summer and fall. The inorganic turbidity derived from
watershed erosion, significantly reduces the depth of the photic zone, where algal
photosynthesis can occur, compared to photic zone depths that are found in most
waterbodies where light penetration is controlled by light scattering and absorption by
algae. Current effortsto control erosion within the SIR watershed could lead to increased
water clarity and greater algal growth. It also appears that, at times, colored waters
derived from the Mud and Salt Slough watershed wetlands areas can contribute sufficient
color to the SJIR and DWSC to reduce light penetration and thereby inhibit algal
photosynthesis. This may lead to significantly greater DO depletion in the DWSC than
would occur in the absence of the colored water.

Algal Nutrients. The concentrations of algal available nutrients (nitrate and soluble
orthophosphate) within the SIR upstream of the DWSC and within the DWSC are at least
10 to 100 times surplus of those that are algal growth-rate-limiting. Algal growth within
the SIR and DWSC appears to be controlled by light limitation.

Temperature. Increasesin temperature in the SIR and DWSC increase algal growth rates
and rates of DO depletion reactions. Increased temperature also decreases the solubility
of oxygen. Some of the year-to-year variations in DO depletion in the DWSC may be
related to temperature differences, which influence algal growth in the SJR watershed
and oxygen depletion within the DWSC.

A Strawman analysis of oxygen demand loads and impacts on DO depletions within the DWSC
shows that the planktonic algal concentrations present in the SIR at Mossdale are related to the
DO depletion at the Rough and Ready Island continuous monitoring station. High planktonic
algal chlorophyll a, which is correlated to high BOD at Mossdale as well as upstream in the SIR,
tended to be associated with the greatest DO depletion at the Rough and Ready |sland station.

Using a deterministic model of oxygen demand loads and their impacts on DO in the DWSC, it
is found that increasing the flow of the SIR through the DWSC decreased the dissolved oxygen
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deficit within the DWSC. At SJR flows through the DWSC above about 2,000 cfs, there were
few DO depletions below the water quality objective. These modeling results are in accord with
the monitoring studies of the past three years and the past eight years of monitoring conducted by
the Department of Water Resources.

The magnitude of the oxygen deficit below the WQO has been found to be dependent on SIR
flow through the DWSC. In the SIR DWSC flow range between 500 and 1,500 cfs, the
interactions of flow, oxygen demand loads and oxygen depletion are not readily discernible
based on mass balance calculations. There is need for a more comprehensive sampling program
of oxygen demand loads and impacts to gain additional insight into the impact of SIR flow
through the DWSC on DO depletion.

The Interagency Ecological Program (1EP) has been monitoring various water quality parameters
in the Deltasince 1971. Continuous monitoring of DO, temperature, electrical conductivity, etc.,
has been conducted at Rough and Ready Island for the past 19 years. A statistical examination
of these data shows that there is a strong correlation between DO depletion at the DWR Rough
and Ready Island monitoring station and the planktonic algal concentrations measured at
Vernalis. There were also correlations between the city of Stockton’s ammonia discharges to the
SJR and DO depletion at the Rough and Ready |1sland monitoring station.

Examination of the city of Stockton stormwater runoff oxygen demand concentrations shows that
there is sufficient BOD in stormwater runoff from the city of Stockton to add a substantial
oxygen demand load to the DWSC. It appears that a November 2002 DO depletion situation in
the DWSC was caused, at least in part, by city of Stockton stormwater runoff-associated BOD.

Examination of the dissolved oxygen concentrations found in the DWSC at the DWR Rough and
Ready Island monitoring station shows that DO depletions below the water quality objective
occur in the winter in some years. During 2002 and 2003, DO depletions at the RRI station
occurred below the WQO during January, February and/or March. In mid-February 2003, a
surface water DO of 0 mg/L was found at this station. Further, there was a period in late January
through early March 2003 when the surface water DOs at the RRI station were below 3 mg/L.
The low-DO conditions found in late January through early March 2003 were related to a large
winter algal bloom, city of Stockton wastewater ammonia discharges and low SIR DWSC flow.
During the low-DO period when there were low SJR flows through the DWSC, the SIR at
Vernais flows were in excess of 1,800 cfs, which means that the low SIR DWSC flows were
due to diversion of most of the SIR flow at Vernalis into the South Delta for export to Central
and Southern California.

Box Model Calculations of L oad of Oxygen Demand and Oxygen Deficit

Calculations were made of the oxygen demand loads in the SIR at Mossdale and discharged by
the city of Stockton in the City’s treated domestic wastewaters on the 43 dates that the City
conducted monitoring runs on the SIR DWSC and upstream during August through October
1999, and June through October 2000 and 2001. The average BODs measured in the SIR at
Mossdale during the summer and fall, from August 1999 through October 2001, was 3.7 mg/L.
The range was from 1.3 to 7.0 mg/L, with values less than about 2 mg/L occurring in October.
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The average sum of the chlorophyll a plus pheophytin a was about 64 pg/L during the three
summer/fall periods. Thelow values occurred in October.

The average flow of the SIR through the DWSC during summer/fall 1999, 2000 and 2001 was
about 930 cfs. The flows ranged from a low of 395 cfs to a high of 2,416 cfs. Many of the
values were in the range of 600 to 1,200 cfs. The average BOD,, load over the three summer/fall
periods was 86,000 Ib/day, with the City’s contribution to this load averaging about 25 percent.
During the study period, the City’s percent contribution to the total load of BOD, to the DWSC
ranged from about 5 percent to about 54 percent. The City’s CBOD, plus NBOD, loads ranged
from about 3,000 Ib/day to 30,000 Ib/day during the summer/fall months. The total BOD,, load
(Mossdale + City) shows that thisload, at times, especially under elevated SIR flows through the
DWSC, can be as much as 150,000 |b/day. During 2002 the City’s monthly estimated oxygen
demand loads to the DWSC ranged from about 10 percent to 87 percent of the total oxygen
demand load to the DWSC.

The amount of oxygen that needs to be added to the DWSC to eliminate violations of the water
quality objective at various locations in the DWSC between Channel Point and Turner Cut has
been computed. While there were a number of sampling runs made in 2000 where there were no
deficits below the WQO, in 1999 over 78,000 Ib of oxygen would be needed to satisfy the deficit
that occurred on October 19. Similarly, on September 19, 2001, approximately 47,000 Ib of
oxygen would be needed to satisfy the DO deficit below the water quality objective. The overall
average deficit below the WQO for the three-year study period was 20,000 Ib. The average
deficit, for those sampling runs where there was a deficit below the water quality objective, was
about 8,000 Ib of oxygen during 2000. During 2001, the average deficit, for those sampling runs
where there was a deficit below the water quality objective, was 22,000 |b.

Atmospheric oxygen reaeration in the DWSC, with a 4 mg/L deficit from saturation, is about
4,500 Ib/day. The SOD in the DWSC is estimated to be on the order of 2,000 Ib/day of dissolved
oxygen, which is at the upper end of the measured SOD values. On a per-unit-sediment-area
basis, the DWSC SOD is somewhat lower than that typically measured for other waterbodies.

Mass balance calculations of oxygen demand loads and oxygen sinks/exports from the DWSC
show that the total loads were on the order of 86,000 Ib/day, while the total sinks/exports were
on the order of 70,900 Ib/day. On the average, there is about a 15,100 Ib/day difference between
the BOD,, loads and the sum of the BOD, and DO deficit exports and in-channel deficits below
saturation. At this time, it is unknown whether this difference is largely due to sampling and
analytical variability or due to some other factor that is not yet understood.

Based on the results of the summer/fall 2000 studies of the Deep Water Ship Channel and
upstream SJR, the algal load from growth in the DWSC was found at times to be equal to that
from upstream sources. The algal growth in the DWSC is accompanied by oxygen production,
and therefore does not represent an additional oxygen demand load to the DWSC, since the
photosynthetically-produced oxygen is available to satisfy the increased oxygen demand caused
by the algae produced in the DWSC. Ordinarily the surface waters of the DWSC are
undersaturated with respect to DO and, therefore, photosynthetically-produced oxygen would
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remain in the water column and be available to satisfy oxygen demand. A possible exception to
this could occur during late afternoon, when short-term DO supersaturation could occur in the
surface waters due to algal photosynthesis that would result in some of the photosynthetically-
produced oxygen being lost to the atmosphere through gas transfer through the surface water air
interface. Alga growth within the DWSC is light-limited, where light penetration is primarily
controlled by inorganic suspended particles.

The relationship between SIR DWSC flow, oxygen demand loads and DO deficits on a
particular day is not readily discernible from the information available. The DO deficit is a
function of the interplay between SIR DWSC flow, oxygen demand loads, type of oxygen
demand loads (different forms of CBOD and NBOD), hydraulic residence time of the DWSC as
a function of SJIR flow, agal growth in the DWSC, agae and detritus settling in the DWSC,
mixing in the DWSC, etc. At this time the relationships between these factors are not well
understood.

Sour ces of Oxygen Demand

During 2000 and 2001, studies were conducted in the SIR watershed upstream of Mossdale to
define the sources of oxygen demand that cause the SIR at Mossdale to have elevated oxygen
demand concentrations/loads. Based on SJR and its tributary monitoring and measured flows, it
was found that the primary sources of oxygen demand are discharges of algae from Mud and Salt
Sloughs to the SIR and the SIR watershed upstream of Lander Avenue (Highway 165). This
area consists of substantial irrigated agriculture and managed wetlands, which are used for
wildlife refuges and duck clubs.

Based on monitoring of planktonic algal chlorophyll a and BOD along the SIR from where Mud
and Salt Sloughs discharge to the SIR down to Vernalis, it has been found that the algae/oxygen
demand that are discharged by Mud and Salt Sloughs to the SIJR continue to develop in the SR,
ultimately leading to greatly elevated planktonic algal chlorophyll a and BOD concentrations and
loads at Mossdale. At times, 50 to 80 percent of the Mossdale loads of BOD originate from the
Mud and Salt Slough discharges to the SIR and the SIR upstream of Lander Avenue. It has been
found that, on the average during the summers of 2000 and 2001, 1lb of algal oxygen demand
discharged by Mud and Salt Sloughs to the SJR, as well as in the SIR at Lander Avenue,
developsinto 8 Ib of oxygen demand at Mossdale.

The eastside rivers (Tuolumne, Stanislaus and Merced Rivers) have been found to discharge
high-quality Sierra Nevada derived water to the SIR which has a low planktonic algal content
and oxygen demand concentration, and therefore are not a major source of oxygen demand
contributing to the low-DO problem in the DWSC.

The westside tributaries (except Mud and Salt Sloughs), such as Los Banos Creek, Orestimba
Creek and Spanish Grant Drain, have been found to contribute a small part of the oxygen
demand load and chlorophyll a to the SIR that ultimately are present in the SIR at Mossdale.
The Harding Drain (TID 5), an eastside tributary, has been found to contribute oxygen demand
to the SJR that is apparently not associated with algal chlorophyll a. This oxygen demand may
be due to upstream domestic wastewater discharges from Turlock and from dairies.
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From the information available, wastewater discharges and stormwater runoff from the large
municipalities in the SIR watershed upstream of Mossdale are not normally major sources of
oxygen demand that cause DO depletion in the DWSC during the summer and fall months.
These municipalities are prohibited from discharging wastewaters to the SJR or its tributaries
during the summer and early fall. During this time, the wastewaters are disposed of on land.
While there is normally no rainfal runoff in the SIR watershed from June through September,
there is a potential for municipal, commercial, industrial and agricultural stormwater runoff to be
a source of oxygen demand associated with the rainfall runoff events that typically occur in
October and November. Examination of the city of Stockton stormwater runoff-associated
oxygen demand loads shows that a stormwater runoff event lasting one to two days can add as
much BOD to the DWSC as is contributed from upstream of the DWSC sources during this same
period.

SIR Water Diversions

There are substantial municipal and agricultural diversions of SIR water upstream of the DWSC.
These diversions decrease the amount of SIR flow through the DWSC and therefore, increase the
hydraulic residence time of oxygen-demanding substances in the DWSC. This leads to reduced
oxygen demand assimilative capacity and greater DO depletion within the DWSC. All water
diversions and managed shifts from summer flow to spring flow that decrease the flow of the
SJIR through the DWSC during the summer and fall below about 2,000 cfs contribute to the low-
DO problem inthe DWSC. Thisis especialy true during the time when there is arapid decrease
in the SIR flow through the DWSC associated with the early June termination of the Vernalis
Adaptive Management Plan (VAMP) flows, as well as in the fall, when the South Delta barriers
are removed, which results in greater SIR flow down Old River.

There are several major upstream diversions, such as by the Central Valley Project (CVP) at
Friant Dam, the city of San Francisco and various irrigation districts, that are potential
contributors to the low-DO problem. While the impacts of low SIR flow through the DWSC
leading to low DO are well documented, at this time there is an inadequate understanding of the
impact of these upstream diversions on the flow of the SIR through the DWSC during the
summer and fall months and therefore the magnitude of the DO depletion below the WQO
associated with these diversions.

It has been found during the summer months that approximately 500 cfs of SIR water is diverted
for agricultural irrigation between where the Merced River discharges to the SIR and Mossdale.
These diversions reduce the SJR flow through the DWSC and, therefore, contribute to the DO
depletion problems within the DWSC. At times from 25 to 50 percent of the SIR flow at
Vernalis, in the 1,000 to 2,000 cfs range, is diverted from the SJIR for agricultural use upstream
of Vernalis. However, the SIR diversions below the confluence with the Merced River during
the summer also divert substantial amounts of algae/oxygen demand loads. It is estimated that
about 30,000 Ib/day of BOD, is diverted from the SIR between the Merced River and Mossdale,
associated with water diversions for agricultural use.
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The irrigation diversions are generally accompanied by some tailwater return to the SJIR or its
tributaries. This has been estimated to be about 15 percent of the diverted water and about 20
percent of the SIR flow at Vernalis. The irrigation return water (tailwater) appears to contribute
about 2 percent of the chlorophyll aload in the SIR at Mossdale.

The federal Central Valley Project (CVP) and State Water Project (SWP) export through the
Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs of South
Delta water to Central and Southern California.  The export pumping of South Delta water
artificially changes the flows in the South Delta which results in more of the San Joaquin River
going through Old River. These Old River diversions can significantly reduce the SIR flow
through the DWSC, thereby directly contributing to the low-DO problem in the DWSC.

An analysis of the 2002 and thus far 2003 SJIR DWSC flow data shows that there were several
periods of low SIR flow through the DWSC, with flows less than 200 cfs. Examination of the
SIR at Vernalis flows during 2002 and 2003 shows that the low flows of the SIJR through the
DWSC were not due to low SIR at Vernalis flows, but were due to diversion of most of the SIR
flow a Vernalis down Old River for export through the CVP and SWP. The export of South
Delta water, which led to very low SIR flow through the DWSC, was related to severe low-DO
problemsin the DWSC.

Water Quality Modeling

Several water quality modeling approaches have been used in this study. They include mass-
balance box-model calculations of loads and responses, statistical evaluation of the 19-year |1EP
database and deterministic modeling. A one-dimensional deterministic water quality model has
been developed for the DWSC which can be tuned to match somewhat the oxygen demand load
DO deficit response found in the DWSC. There are, however, significant deviations between the
tuned-modeling results for any particular year and the measured values at various times during
the year. It is unclear at this time whether these differences are related to problems with the
model structure and parameters and/or inadequate monitoring of the DWSC.

CALFED has funded two additional modeling efforts for the purpose of trying to improve this
modeling. This additional modeling includes an attempt to expand the modeling from a one-
dimensional to a two-dimensional model to account for the transitory thermal stratification that
occurs in the DWSC. There is a daily transitory thermal stratification that occurs in the near-
surface waters of the DWSC. However, this thermal stratification is lost each night. A critica
review of the existing data shows that, while there is no permanent vertical stratification with
respect to dissolved constituents other than oxygen, there is vertical stratification with respect to
particulate constituents, where the near-bottom waters normally have higher concentrations than
the mid-depth or surface waters. Attempts to develop a model based on a thermal stratification
driving force for the vertica changes in DO in the DWSC will likely prove to be unreliable,
since thermal stratification does not appear to be the primary cause of the changes in DO from
the near-surface waters to the near-bottom waters.

Long-term BOD measurements have shown that the BOD rate constants for waters taken from
the SJIR upstream of the DWSC and within the DWSC are somewhat lower than those normally
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used for oxygen demand modeling. The long-term BOD measurements show that BOD exertion
did not show any lag due to a period of time associated with the death of algae and delayed BOD
exertion in the BOD test that has been found in other studies involving algae as a dominant
source of BOD.

There are significant questions about the reliability of using nitrification-inhibited BOD tests to
estimate the carbonaceous and nitrogenous BOD rate constants. The approach that should be
used to estimate these rate constants involves measurement of ammonia disappearance and
nitrate appearance within the BOD test. Rate constants developing using this approach should be
evaluated based on field studies involving Lagrangian monitoring of water masses as they pass
through the critical reach of the DWSC.

There is some indication that the rates of nitrification that occur within the DWSC are somewhat
elevated (enhanced) compared to atypical NBOD rate constant of 0.1 per day. If thisis verified
through further studies during the summer, fall and winter, nitrogenous BOD, such as the city of
Stockton’s wastewater ammonia discharges, would cause a greater oxygen deficit in the DWSC
per unit BOD, load to the DWSC than would be predicted based on typical nitrification rate
constants. Thisis an areathat needs further study in order to properly alocate the responsibility
of the oxygen demand |loads between the City’ s wastewater source and the upstream sources.

An issue that has not been addressed in these studies is the potential for zooplankton and clam
grazing of algae that could, at times, cause changes in phytoplankton concentrations. While not
guantified, there is some evidence for zooplankton grazing being potentially significant under
certain conditions. Current measurements and modeling have not measured or incorporated the
potential for zooplankton and clam grazing of phytoplankton as a factor that could influence
phytoplankton populations in the SIR upstream of the DWSC and within the DWSC. Further, it
is possible that pesticide-caused zooplankton toxicity pulses that are found in the SIR and
DWSC influence zooplankton concentrations, which in turn influence phytoplankton
populations.

South Delta Barriers

Temporary rock barriers are installed each year in three Delta channels. These barriers trap
incoming tides to mitigate for the lowered water levels caused by the operation of the SWP and
CVP export pumps which draw Sacramento River water across the Delta. The barriers also are
meant to re-establish unidirectional flow in these channels to improve water quality. CALFED is
obligated to replace the temporary rock barriers with permanent operable barriers by 2007.
Modeling has been conducted of whether it would be possible to operate the permanent barriers
to raise the water level sufficiently in the South Delta so that areverse flow of South Delta water
could occur into the SIR via Old River. It has been found that, through low-head, reverse-flow
pumping across the permanent barriers, there could be addition of South Delta water to the SIR
at Old River, which would increase the flow of the SJR through the DWSC. The reverse-flow,
low-head pumping approach would introduce higher quality Sacramento River water into the
South Delta and thereby, not only be a benefit to increasing the flow of the SJR through the
DWSC, but also to reducing the magnitude of the water quality problems that have been found in
the South Delta. This approach could potentially be used to help stabilize the flow of the SIR

XVi



through the DWSC, and thereby minimize or eliminate the large changes in this flow that occur
at times associated with the operation of the South Delta barriers. Further, stabilized flow would
be an asset to managing aeration in the DWSC.

DO Water Quality Objectives

Currently, the Central Valley Regional Water Quality Control Board (CVRWQCB) Basin Plan
DO water quality objective (DO standard) is 5 mg/L at any time and location in the DWSC
between the Port of Stockton and Turner Cut during December 1 through August 31. During
September 1 through November 30, the DO objectiveis6 mg/L. The 5 mg/L WQO is similar to,
but not the same as, the US EPA’ s national water quality criterion for DO. The current US EPA
national water quality criterion for DO allows for averaging and for low-DO concentrations to
occur near the sediment water interface. The 6 mg/L WQO was adopted to protect the fall run of
Chinook salmon migration through the DWSC to their upstream home waters.

The CVRWQCB staff have proposed a Phase | TMDL water quality goal of a seven-day average
of the daily minimum DO concentration of 5 mg/L with no DO concentrations below 3 mg/L.
This goa would apply everywhere between Channel Point and Turner Cut for the time period of
June 1 through November 30. For the remainder of the year, the current water quality objective
of 5 mg/L at any time and location would be applicable as the Phase | target concentration. The
final water quality objective for the DWSC has not yet been determined. With respect to the
proposed interim DO concentration target for Phase | of the TMDL, there is concern that the
minimum 3 mg/L specified in the draft target may not be protective, where this value should be
raised to at least 4 mg/L as the minimum that can occur at any time and location.

Implications of Technical Studiesfor Managing the Low-DO Problem

The studies of the past three years plus other data have provided information that can be used to
formulate a management plan to control the DO problem in the DWSC. A summary of these
resultsis presented herein.

Port of Stockton. Since the DO depletion problems that occur in the first seven miles of the
DWSC below the Port of Stockton would not occur if the DWSC had not been dredged, it seems
appropriate that the future budget for the maintenance dredging of the DWSC performed by the
Corps of Engineers under its Congressional mandate, should be expanded for this reach of the
DWSC to include funds to control the low-DO problem created by the continued existence/
maintenance of the DWSC. Justification for this approach stems from the fact that, without
continued maintenance of the 35-foot deep DWSC, the DWSC would soon shoal and thereby
become better able to assimilate the oxygen demand loads that are delivered to it from the SIR
upstream of the Port. The SIR upstream of the Port is 8 to 10 feet deep. It has the same oxygen
demand loads as the DWSC, but does not experience DO depletions below the water quality
objective.

Supplemental Aeration. Preliminary studies have shown that it appears to be technically and
economically feasible to provide supplemental aeration of the DWSC to control DO depletions
below the WQO. The box model calculations, Strawman analysis and the Brown evaluation of
aeration for the DWSC show that, based on the past three years' data, on the average about 2,300
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Ib/day of oxygen needs to be added to the DWSC to eliminate violations of the DO WQO.
Considering the worst-case conditions for DO depletion below the WQO found in the box model
calculations for data collected over the past three years, on the order of about 6,000 |b/day of DO
would be needed to keep the DWSC from violating aWQO. Other approaches for estimating the
needed aeration have shown that, typically, a few thousand to ten thousand Ib/day of oxygen is
needed to eliminate WQO violations. It has been estimated that the amount of needed aeration
can be obtained for a construction cost of less than $2.5 million dollars, with annual operating
expenses of less than $500,000. An engineering evauation leading to pilot studies of DWSC
aeration is needed to develop an aeration system that can control DO concentrations in the
DWSC above the WQO.

It is likely that a combination of supplemental aeration, upstream oxygen demand load control
and increased flow of the SJR through the DWSC will be used to control the low-DO problem in
the DWSC. It should be noted, however, that increased flow through the DWSC would require
increased amounts of aeration with the result that there is need to optimize increased flow versus
aeration to control the DO depletion problem in the most cost-effective manner.

Nutrient/Algae Control in the Mud and Salt Slough and SJR Upstream of Lander Avenue
Watersheds. It was found during the summer/fall 2000 and 2001 studies that the Mud and Salt
Slough and SJR upstream of Lander Avenue watersheds are the primary sources of algae/oxygen
demand that lead to the DO problem in the DWSC. There is little understanding at this time of
algal growth dynamics and nutrient sources that lead to high algal populations in discharges to
the SJIR from these areas. Thereis need to conduct studies within these watersheds to understand
the specific sources of nutrients that lead to elevated concentrations of algae in the discharges
(from Mud and Salt Sloughs and the SIR above Lander Avenue) to the SIR that ultimately lead
to low-DO problems in the DWSC. Through such an understanding, it may be possible to effect
some control of the high algal concentrations/loads that are discharged to the SIR from these
watersheds during the summer/fall months that cause high oxygen demand in the DWSC.

It will be important to evaluate the relationship between decreased algae/BOD from the Mud and
Salt Slough and SJR at Lander Avenue watersheds and decreased algae/BOD concentration/load
at Mossdale. Guidance is provided in this Synthesis Report on the studies that should be donein
the Mud and Salt Slough watersheds to determine if it is economically feasible to control oxygen
demand loads from these watersheds that impact DO depletion in the DWSC. The recommended
approach involves the use of alum addition to bind the available phosphorus, thereby limiting
algal growth in the headwaters of the Mud and Salt Slough watersheds.

City of Stockton Wastewaters. The city of Stockton wastewater discharges of elevated ammonia
at times can be a significant contributor to the low-DO problem in the DWSC. The city of
Stockton’s wastewater oxygen demand load, which is principally in the form of ammonia, can
represent up to about 90 percent of the total BOD load to the DWSC. The CVRWQCB has
recently adopted a revised NPDES wastewater discharge permit for the city of Stockton that
limits the monthly average ammonia concentration in the effluent to 2 mg/L for aquatic life
toxicity reasons. The city of Stockton’s appeal of this permit to the State Water Resources
Control Board (SWRCB) was not supported by the Board. At thistime, it appears that the city of
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Stockton may appeal the Board’ s decision to the courts. If the permit is upheld, then the oxygen
demand load would be reduced by up to about 20,000 Ib/day BOD,..

While there can be little doubt that, when the city of Stockton is discharging 25 to 30 mg/L
ammonia nitrogen in its effluent to the SJR, and the SIR DWSC flows are a few hundred cfs or
less, the City’s wastewater ammonia oxygen demand loads are the principal source of oxygen
demand for the DWSC, there are questions about the significance of the City’s wastewater
oxygen demand loads as a cause of DO depletion in the DWSC when the concentrations of
ammoniain the effluent are afew milligrams per liter, especially when the SIR DWSC flows are
above about 800 cfs. An issue that needs to be resolved is whether the City’s ammonia
discharges are subject to “enhanced” nitrification rates, which would lead to a greater proportion
of the ammonia being oxidized in the critical reach of the DWSC before it is diverted/diluted into
the Central Deltaat Columbia Cut. Thisis an areathat needs further study.

Additional Areasthat Need Attention

In addition to those mentioned above, there are several areas that have evolved from the past
three and a half years studies that need attention through further studies. These are briefly
summarized below.

DO “Crashes’ in the DWSC. At times there will be short-term DO depletions in the DWSC to
relatively low levels -- i.e.,, 2 mg/L. These DO “crashes’ are particularly significant since they
may ultimately become the controlling DO depletions that must be managed. At this time, the
causes of the DO crashes are not understood, but may be related to pulses of higher-than-normal
algal concentrations in the SJIR that enter the DWSC, or pulses of increased inorganic turbidity
that decrease light penetration in the DWSC and thereby reduce the oxygen produced by alga
photosynthesis in the surface waters of the DWSC. They may also be due to pulses of colored
waters released from upstream wetlands areas that decrease algal photosynthesis in the DWSC.
There is need for intensive field studies involving more frequent monitoring of sources and DO
depletion than has been conducted in the past three years. Such studies should be designed to
understand and thereby control the DO crash episodes that occur occasionally in the DWSC.

DO Depletions during the Winter. During the winters of 2001-2002 and 2002-2003 significant
DO depletions below the WQO have been found in the DWSC off of Rough and Ready Island.
Thereis need to understand the oxygen demand loads and other factors that |ead to these low-DO
conditions.

DO Depletions within the South and Central Delta. There are DO depletions below the water
guality objective in some of the South Delta channels. The role of algal related oxygen demand
added to these channels from the SIR via Old River has not been determined. It could be part of,
or the primary cause of, the low-DO problems that are now occurring in the South Delta
channels. Thisisan areathat needs investigation.

At times, especialy under high SIR DWSC flow, large amounts of oxygen demand and oxygen
deficit are exported into the Central Delta at Turner Cut and especially Columbia Cut by the
crosssDWSC flow of the Sacramento River on its way to the South Delta to be exported to
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Central and Southern California by the State and Federal Projects. At thistime, no studies have
been conducted to determine if low-DO problems are occurring in Turner Cut, Columbia Cut
and/or Middle River due to the oxygen demand loads from the DWSC. These studies are needed
as part of any implementation program that would alter flows through the DWSC. Particular
attention should be given to the Turner Cut situation since the SJR flows that enter Turner Cut
during ebb tide are not diluted to a significant extent by Sacramento River water.

Impact of Urban Stormwater Runoff Oxygen Demand Load on DO Depletion. City of
Stockton stormwater runoff has been found to contain about 14 mg/L BODs. It is estimated that
a 0.5-in storm in Stockton will result in a BOD load to the DWSC equal to the upstream BOD
load from the SIR DWSC watershed including the City’s wastewater treatment plant load. In
November 2002 several inches of rainfall occurred in the Stockton area. Prior to the rainfall the
DO in the DWSC was above the water quality objective. Within a few days the DO in the
DWSC was below the WQO for several weeks. At the same time the DO concentrations
decreased to low levels in the creeks and sloughs that drain Stockton rainfall runoff to the
DWSC. There were major fish kills in these waterbodies apparently because of low DO. It
appears that potentially significant DO depletion could occur in the DWSC associated with
rainfall-runoff-associated BOD derived from urban areas. This is an area that needs further
evaluation through examination of the DO concentrations as measured by the DWR Rough and
Ready Island monitoring station and the occurrence of fall-winter rainfall runoff events.

Development of a TMDL and its Technical Allocation

There is sufficient information to develop a technical TMDL to control the low-DO problem in
the DWSC. There is also sufficient information to allocate technical responsibility to tributary
river mouths for the sources of oxygen demand loads that cause DO depletion problems in the
DWSC. It is understood that the allocation may change somewhat during droughts. The
approach that can be used is to assign an oxygen demand load allocation to the city of Stockton
ammonia and the stakeholders in the Mud and Salt Slough and SIR at Lander Avenue
watersheds. This allocation would need to assume that worst-case SIR flow and no aeration of
the DWSC occurs. To the extent that assured funding can be developed for aeration of the
DWSC from federal and/or state legislatures, the Port of Stockton and those who benefit from
the existence of the Port and/or those who divert water from the SIJR upstream of the DWSC
(other responsible parties for the low-DO problem in the DWSC), the Mud and Salt Slough and
SIR at Lander Avenue watershed stakeholders oxygen demand load allocations can be reduced
accordingly. Further, the funding from the other responsible parties could also be used to
support the control of nutrients that lead to algae in the upstream watershed that are a significant
source of oxygen demand in the DWSC.

TMDL Phased Approach. The TMDL will be conducted in a phased approach where the first
phase will be largely devoted to obtaining additional information on the specific sources of
oxygen demand in the Mud and Salt Slough and SJR upstream of Lander Avenue watersheds,
and their potential control. Further, the initial phase of the TMDL will need to be devoted to
pilot studies of aeration of the DWSC to control the low-DO problem. In addition, an
engineering evaluation of the potential to achieve at least control of flow, if not enhanced flow,
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of the SIR through the DWSC will need to be conducted during the initial phase of the TMDL
implementation.

An important issue that will need to be addressed during the Phase | TMDL effort is the potential
secondary impacts of the programs that could be developed to control the low-DO problem in the
DWSC. Any study that is conducted to develop information needed to evaluate a potential
control program of the DO WQO violations in the DWSC should include studies to determine if
the control program could lead to other adverse impacts to the beneficial uses of the watersin the
SIR, DWSC and/or South and Central Delta. This information will be needed as part of
developing the California Environmental Quality Act (CEQA) evaluation of potential control
programs.

The initial phase of the TMDL implementation will likely require about five years. At that time,
with continued substantial support of ongoing studies specifically directed toward evaluating the
implementation of control programs, it should be possible to formulate a low-DO management
program for the DWSC which would represent the final phase of the TMDL.

Phasel TMDL Monitoring

This report provides information on various aspects of the monitoring programs that will need to
be conducted as part of the Phase | TMDL. Monitoring programs are needed in the SIR DWSC
watershed, the DWSC and the South and Central Delta. The justification for comprehensive
Phase | monitoring efforts in these areas is provided, along with the characteristics of the
monitoring programs.

A monitoring program proposal, developed by some upstream watershed stakeholders, has
recently been submitted to CALFED to develop information needed as part of the Phase | TMDL
associated with defining the sources and transformations of oxygen-demanding materials in the
SIR DWSC watershed. This proposed monitoring program does not adequately consider the
existing information on the characteristics of the monitoring program needed to provide the
information on the sources and potential approaches for control and benefits of control of
upstream oxygen demand sources on reduced loads within the DWSC. The monitoring proposal
submitted to CALFED by the SIR upstream stakeholders contains, as one of its tasks, studies on
the transport and transformation of oxygen demand constituents between Mossdale and the
DWSC. Thisisanimportant study areathat should be supported.

The proposal aso contains several tasks, such as laboratory studies on algal growth dynamics
and an attempt to use isotopes to try to determine the origin of the oxygen demand, that should
not be supported. These tasks will not provide reliable or useful information for the Phase |
TMDL effort. The modeling task contained in this proposal is a duplication of the HydroQual
modeling project that has already been approved by CALFED. The CALFED proposa should
be the focus of the modeling effort.

The task devoted to monitoring of the SIR and its tributaries needs to be modified to better
support the modeling effort. Additional monitoring parameters such as zooplankton and other
grazing of algae should be added. One of the most important changes needed in the monitoring
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task is an increased frequency of monitoring to weekly, rather than every two weeks during the
summer and fall and monthly in the winter. The proposal monitoring frequency will be not be
adequate to provide needed information for the Phase | TMDL.

The proposal is significantly deficient in addressing one of the most important areas that needs
attention during the Phase | TMDL —i.e., defining the origin and potential for control of the algal
“seed” that develops in the Mud and Salt Slough and SIR upstream of Lander Avenue
watersheds that leads to the high algal BOD that develops in these waterbodies’ watersheds.
Information in this area will be needed to reliably define the potential to economically control
some of the oxygen demand loads from these watersheds. Without this information the TMDL
Phase 11 decisions on the control of oxygen demand in these watersheds will have to be made
without an adequate information base. The funds that are currently proposed for the laboratory
algal growth and isotope studies and the proposed duplication of the HydroQual modeling should
be shifted to support the increased monitoring frequency and the upstream oxygen demand
source definition and control studies.

Peer Review

An external peer review of the CALFED-supported studies was conducted by CALFED in June
2002. This report contains information pertinent to the organization and the results of the
external peer review that was conducted in June 2002. Also G. Fred Lee, as the CALFED
Directed Action project P, provides responses to the issues raised by the peer review panel.
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Acronyms and Definitions

Biochemical Oxygen Demand (BOD) The dissolved oxygen consumed by biochemical
processes associated with the bacterial and other organism respiratory conversion of organic
matter to carbon dioxide, water and/or other forms of organics. It also includes the bacteria
conversion (nitrification) of ammonia to nitrite and nitrate. BOD is estimated based on
laboratory incubation of water samples where dissolved oxygen depletion is typically measured
at 5 (BODs) or 10 (BODyg) days. The ultimate BOD (BOD,) is estimated based on long-term
(20-30 day) laboratory BOD tests.

Deep Water Ship Channel (DWSC) The San Joaquin River has been dredged through
the Delta to the Port of Stockton to a depth of 35 feet. The dredged channel is called the Deep
Water Ship Channel or Stockton Deep Water Ship Channel. The primary area of the DWSC of
concern with respect to low dissolved oxygen is the reach of the channel between the Port of
Stockton and Columbia Cut/Disappointment Slough. Normally, the greatest concern for low DO
occurs between the Port of Stockton and Turner Cuit.

Organic Detritus (Detritus) The remains of plants and animals and their particulate
waste products. This detritus can be a source of particulate oxygen demand and SOD.

Oxygen Demand The oxygen demand of a water is the sum of all of the processes that
consume dissolved oxygen. It is composed of the organic (carbonaceous) BOD, nitrogenous
BOD due to nitrification of ammonia, the death and decay of algae, and the oxygen consumed by
biotic and abiotic reactions associated with bedded and suspended sediment particles.

SIR DWSC Critical Reach The reach of the SIR DWSC where the DO falls below the
CVRWQCB WQO. Thisreachisnormally the first seven miles below the Port of Stockton.

ac acre

ac-ft acre-feet

BOD biochemical oxygen demand

BODs five-day BOD

BODo ten-day BOD

BOD, BOD ultimate (~30-Day)

BPTCP Bay Protection & Toxic Cleanup Plan
CBOD carbonaceous BOD

CEQA California Environmental Quality Act
cf cubic feet

cfs cubic feet per second

COz carbon dioxide

Corps/COE  US Army Corps of Engineers

CVP Central Valley Project (Federa Project)

CVRWQCB Cadifornia Regional Water Quality Control Board, Central Valley Region (RWQCB)
CWA Clean Water Act
DFG California Department of Fish and Game
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Acronyms (continued)

DO dissolved oxygen

DOC dissolved organic carbon

DWR California Department of Water Resources
DWSC Deep Water Ship Channel

EC electrical conductivity

ft feet

ft/sec feet per second

g grams

H>O water

Ib/day pounds per day

m? square meters

mgd million gallons per day

mg/L milligrams per liter

mi miles

Mo/l micrograms per liter

pmhos/em  micromhos (reciprocal ohms) per centimeter
pS/cm microsiemens per centimeter

m/sec meters per second

msl mean sea level

N nitrogen

NBOD nitrogenous BOD

NEPA National Environmental Protection Act

NH3 un-ionized ammonia or ammonia, which is the sum of NH3 plus NH,"
nitrate-N nitrate-nitrogen

NO, nitrite

NO3 nitrate

NPDES National Pollutant Discharge Elimination System
0)) oxygen

OrgN organic nitrogen

P phosphorus

RRI Rough and Ready Island (location of DWR continuous monitoring station)
RWCF Regional Wastewater Control Facility (City of Stockton)

RWQCB Regional Water Quality Control Board, Central Valley Region
SR San Joaquin River
SIRTAC San Joaquin River DO TMDL Technical Advisory Committee

SOD sediment oxygen demand

sgq mi sguare miles

SWP State Water Project (State Project)
SWRCB State Water Resources Control Board
TSS total suspended solids

TKN total Kjeldahl nitrogen = NH3 plus OrgN
TMDL total maximum daily |oad

TOC total organic carbon
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USBR
UVM
USGS
VAMP
VSS
WQO

Acronyms (continued)

US Bureau of Reclamation
ultrasound velocity meter

US Geological Survey

Vernalis Adaptive Management Plan
volatile suspended solids

water quality objective

Conversion Factors

To Convert Multiply By To Obtain
acres 4.35 x 10° 5. ft.
acre-feet 3.26 x 10° gallons

cu ft/sec 4.49 x 10° gallongmin
feet 3.048 x 10" cm

inches 2.54 cm

miles (statute) 5.28 x 10° ft

miles (statute) 1.609 km

pounds 454 x 10° grams

mgd 1.55 cfs
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Synopsis of the
Current Under standing of the Low-DO Problem in the
SIR Deep Water Ship Channel

The San Joaquin River, through the Sacramento/San Joaquin River Delta (see Figure 1), has been
dredged to a depth of 35 feet in order to enable ocean-going ships to transport bulk cargo to and
from the Port of Stockton at Stockton, California. This dredging significantly changed the
hydraulic characteristics of the San Joaquin River (SJR). Upstream of the Port of Stockton, the
San Joaquin River (undredged) is about eight to ten feet deep and does not experience DO
depletion below the water quality standard (objective) (WQO). Beginning at the Port, through
the Delta, a 35-foot dredged navigation channel greatly increases the hydraulic residence time of
water and its associated oxygen-demanding materials. This leads to a significantly reduced
oxygen demand assimilative capacity, which in turn leads to DO depletions below the water
guality objective for protection of fish and aquatic life for a distance of about seven miles from
the Port to Turner Cut (see Figures 2 and 3). Further, DO depletion below 6 mg/L potentially
inhibits the fall run of Chinook salmon through the Delta via the SIR DWSC to their home
waters in the SIR watershed. The DO violations of the water quality objective in the DWSC led
to the State Water Resources Control Board (SWRCB, 1999a) designating the DWSC between
the Port and Turner Cut as a Clean Water Act (CWA) section 303(d) “impaired” waterbody,
which in turn requires the development of a total maximum daily load (TMDL) to control the
violations of the DO water quality objective. Bain, et al. (1968) discussed the low-DO problem
in the San Joagquin River near Stockton. Lehman, et al. (2001) reported that low-DO conditions
have occurred in the first 10 miles or so of the SIR DWSC near Stockton for at least the past 30
years. Jones & Stokes (1998) presented a comprehensive review of the low-DO problem in the
DWSC.

The Central Valley Regional Water Quality Control Board (CVRWQCB) (SWRCB, 1999b), as
part of developing an approach for controlling the low-DO problems in the DWSC, provided the
opportunity for the stakeholders (dischargers of oxygen demand constituents, entities whose
activities influence the oxygen demand assimilative capacity of the DWSC, environmental
groups and others) to develop an approach which would include an alocation of responsibility
for solving the low-DO problem. The stakeholders organized the SIR DO TMDL Steering
Committee. The Steering Committee organized a Technical Advisory Committee (TAC).

In order to formulate a technically valid, cost-effective water quality management plan to control
dissolved oxygen concentrations below the water quality objective that occur in the San Joaquin
River Deep Water Ship Channel (DWSC), the TAC organized multi-year studies of the sources
of oxygen-demanding materials and the factors influencing how oxygen-demanding materials
added to the DWSC impact dissolved oxygen concentrations below the water quality objectivein
the DWSC. With CALFED and other support, approximately $3.5 million has been spent over a
three-year period determining the constituents that are added to the DWSC that are responsible
for DO depletion below the water quality objective and the factors that influence the oxygen
demand assimilative capacity of the DWSC and thereby control the amount of allowable oxygen



Figurel
Sacramento-San Joaquin River Delta
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Figure2
Map of the Lower SIR and DWSC Study Area
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Figure3
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demand that can be added to the DWSC without causing DO depletions below the WQO. This
Synthesis Report summarizes the current understanding of oxygen demand sources and |oads to
the DWSC and their impacts on DWSC DO concentrations. It also provides guidance to the
literature, which contains additional information on these issues.

The technical studies had two primary purposes. One was to determine the assimilative capacity
of the DWSC for oxygen-demanding materials of various types and under the various conditions
that can influence the oxygen demand load assimilative capacity of the DWSC. The other was to
provide atechnical base of information upon which the Steering Committee and the CVRWQCB
could potentially assign atechnical allocation of responsibility for control of oxygen-demanding
substances, and/or altered flow, as well as funding of an aeration system to control oxygen
depletion below the water quality objective. While it is understood that the responsibility for
solving water quality problems of this type may not necessarily be alocated based on strictly
technical reasons, such as the relative oxygen demand sources/loads of the constituents
responsible, thisis an appropriate point to start the allocation of responsibility process.

Organization of the Studies

Appendix A presents a discussion of the evolution and organization of the studies that have been
conducted during 1999, 2000 and 2001 to define oxygen demand constituents, their sources,
impacts and factors influencing their impacts. As discussed, because of the short timeline for
development of a TMDL and its allocation among stakeholders, there have been significant
problems in conducting these studies within the timeframe allowed.

Physical and Hydrological Characteristics of the SJIR and DWSC

Jones & Stokes (1998) provided a diagrammatic representation of the lower San Joaquin River
between the Head of Old River and Turner Cut associated with the DWSC. This diagram is
presented as Figure 4. At the Head of Old River, the SJIR is about 150 feet wide. At the point
where the SIR enters the DWSC, it is about 250 feet wide. The average depth of the River
through this reach is about 8 to 10 feet. The volume of the River in this reach is about 2,500
acre-feet.

As presented by Jones & Stokes (1998), the reach of the DWSC of concern with respect to low
dissolved oxygen starts at the point where the SIR enters the DWSC at Channel Point (see Figure
2). It extends about seven milesto Turner Cut. The depth of the River in the DWSC increases to
a navigation depth of 35 feet. There is a section near Channel Point along Rough and Ready
Island where the River is dredged to 40 feet. The additional five feet below the navigation depth
is used as a sediment trap to collect part of the sediment |oads that come into the DWSC from the
SJR. According to Jones & Stokes (1998), the volume of the DWSC between Channel Point and
Turner Cut is about 15,000 acre-feet. Over the past 30+ years, low DO concentrations have been
encountered in the DWSC to Turner Cut, and occasionally, below Turner Cut. However, as
discussed below, low DO concentrations have not been encountered below Disappointment
Slough/Columbia Cut (see Figure 2).



Figure4

Characteristics of the Deep Water Ship
Channel (DWSC)

Turning Basin
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wide

Rough and
Ready Island

Deepwater San Joaquin
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\Turner Cut Head of __~

Old River

from Jones & Stokes (1998)

As shown in Figure 4, associated with the DWSC is the (ship) Turning Basin. While the Turning
Basin is part of the DWSC, it has no significant tributary input, and, although tidal, it is treated
as an appendage to the DWSC, since the main flow path for the SJR is down the former SIR
channel from Channel Point to Disappointment Slough/Columbia Cut. Low dissolved oxygen
concentrations occur in the Turning Basin. While there is limited tributary flow into the Turning
Basin, there is significant tidal mixing of waters within, upstream and downstream of the
Turning Basin.

The flow of the SJR is gaged at Vernalis. Downstream of Vernalis part of the SIR at Vernalis
flow is split into Old River when the Head of Old River barrier is not in place (see Figure 2).
The remainder of the SIR at Vernalis flow, except for irrigation diversions and discharges,
passes through the DWSC. Lee and Jones-Lee (2000a) provided additional information on the
hydrology of the SIR relative to flows into Old River versus through the DWSC.

Appendix B presents the daily flows of the SIR through the DWSC during the study period 1999
through 2002. The 1999 through 2001 flows were estimated by R. Brown (pers. comm., 2002)
of Jones & Stokes based on the USGS UVM flow measurements which are made just upstream
of where the SIR enters the DWSC, and by C. Ruhl of the USGS for the 2002-2003 flow data.
Brown (2001) provides background information on the approach used to estimate SIR flows
through the DWSC when the UVM was not operating. The SJR flows through the DWSC are
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highly regulated based on upstream reservoir releases and agricultural as well as municipal
diversions. The federal Central Valley Project (CVP) and State Water Project (SWP) export
through the Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs
of South Delta water to Central and Southern California. The export pumps artificially change
the flows in the South Delta which results in more of the San Joaquin River going through Old
River. At Old River the State and Federal Projects can, depending on the barriers that are
located in the South Delta channels (see Figure 5), essentially take all of the water in the SIR at
Vernalis into Old River for diversion to Central and Southern California. As discussed below,
the State and Federal Project diversions of SIR water a Old River, as well as upstream
diversions and reservoir releases, have a highly significant impact on the amount of flow through
the DWSC. As shown in Appendix B, during the study period 1999-2001, the SJR flow through
the DWSC during the summer and fall typically ranged from a few hundred cfs to about 2,500
cfs, with many of the flows on the order of 700 to 1,200 cfs.

Table 1 provides information on the distances from Channel Point (where the SIR enters the
DWSC) to various locations upstream in the SIR and downstream in the DWSC. Of particular
concern to the studies reported herein is the location of the SIR Mossdale sampling station,
which is about 14 miles upstream from Channel Point; Old River, which is located about 12
miles upstream; and the city of Stockton's wastewater discharge, which occurs about one mile
upstream. Turner Cut is located about seven miles downstream from Channel Point, and
Columbia Cut, about 10 miles downstream from Channel Point. The critical reach of the DWSC
with respect to DO depletion is the seven-mile reach between Channel Point and Turner Cut.

The SIR below Vernadlis, but above Mossdale and the DWSC, is a freshwater tidal system with
about three-foot tides at Channel Point. Table 1 presents the estimated tidal excursions (range of
upstream to downstream movement with each tidal cycle) developed by Brown (2002a) in the
upper part of the DWSC near Rough and Ready Island and at Turner Cut. As shown, near
Rough and Ready Island the tidal excursion is about one mile, and it is about 2.5 miles at Turner
Cut. Inthe San Joaquin River just upstream of Channel Point the tidal excursion is estimated to
be about 2.8 miles. This means that the city of Stockton wastewater effluent is not carried
upstream to Old River so long as there is net downstream flow of the SIR through the DWSC.

Litton (2003) and Brown (2002a) have reported that at the maximum tidal flow of about 4,000
cfs, the DWSC velocity is about 0.2 to 0.25 ft/sec. The tidal action within the DWSC and the
SJR upstream to Mossdale, plays an important role in mixing of the River and DWSC. Brown
(2002a) reported that the SIR maximum tidal-induced velocity between Mossdale and Channel
Point is on the order of 1 ft/sec.

Based on the geometry of the SIR upstream of Channel Point and within various reaches of the
DWSC, Brown (2002a) estimated the hydraulic travel time in each reach as a function of SIR
flow through the DWSC. These estimates are presented in Figures 6 and 7. These travel times
are updated from those presented by Lee and Jones-Lee (2000a). As shown in Figure 6, the
hydraulic travel times between Mossdale and Channel Point are on the order of one to two days,
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Tablel

Distances from DW SC Channel Point

DWR City of Navigation L ocation Distance Tidal
Station | Stockton | Lt. Number (miles) Excursion*
No. Station (miles)
-- -- -- Mossdale -14.4 --
-- ROA -- Old River -12 -
-- ROB -- -- -8 --
-- R1 -- - -7 -
-- -- -- French Camp Slough -2.6 -
-- R2 -- -- -1.5 --
-- -- -- Stockton Wastewater -0.9 2.8

Quitfal
14 -- -- Turning Basin +1.1 --
-- -- -- Channel Point 0 --
13 R3 48 -- 0.2 -
-- R4 45 -- 1.1 1.25
12 43 -- 1.4 --
-- -- - DWR Rough & Ready 1.8 -
Monitoring Station

Calaveras River 2.0 --
11 R5 41/42 -- 2.3 --
10 -- 39/40 -- 3.3 --
-- R6 35/36 -- 4.1 --
9 -- 33/34 -- 5.3 --
8 -- 27/28 -- 6.4 --
-- R7 23/24 Turner Cut 7.1 2 milesup

3 miles down

7 -- 19/20 -- 8.2 --
6 R8 17/18 - 9.2 -
5 -- 13/14 Columbia Cut 104 --
4 -- 11/12 - 115 --
3 -- 5/6 -- 12.7 --
2 -- 3/4 -- 135 --
1 -- 57 Prisoner’s Point 14.9 --

Based on NOAA Sacramento River and San Joaguin River Nautical Chart 18661 and information provided by R.
Brown (Jones & Stokes, 2002) and Casey Ralston, DWR (pers. comm., 2002)
*  |nformation provided by R. Brown (Jones & Stokes, 2002)
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provided that the flow of the SIR through the DWSC is in excess of about 750 cfs. At flows of
100 or so cfs, the hydraulic travel times can be on the order of 10 to 15 days.

From the information provided in Figure 7, for the SIR DWSC flows typicaly encountered
during the study period, which ranged from about 700 to 2,000 cfs, the hydraulic travel times
between Channel Point and Turner Cut are from about 12 days to 4 days. As discussed in a
subsequent section, this range of hydraulic travel times is important in determining the oxygen
depletion that occursin the DWSC for a particular oxygen demand load to the DWSC.

The above discussion of hydraulic travel time or residence time refers to the movement of water
or dissolved substances through the SIR and/or the DWSC. As discussed in a subsequent
section, the travel time for particulate substances, such as algae and detritus, can be somewhat
longer than the hydraulic residence time. Litton (2003) has estimated that particles of
algae/detritus are transported through the DWSC in the near-bottom waters a factor of two to
three times slower than the hydraulic residence time.

DO Depletion in the DWSC

The California Department of Water Resources (DWR) Bay-Delta Monitoring and Analysis
Section has been conducting monitoring of dissolved oxygen at selected locations in the DWSC
at the surface and bottom about every two weeks during the late summer and fall since 1968
(Hayes and Lee, 2000). This program is part of the DWR Operations and Maintenance DO
Channel Program. This monitoring is referred to herein as the “Hayes cruise data” The DWR
monitoring stations are shown in Figure 8. The data collected on these monitoring runs for the
period 1995 through 2002 are presented in Appendix C. According to Hayes (pers. comm.,
2003), the cruises are conducted so that the sampling at each of the stations is designed to
coincide with low water slack tide at that station. Recently Ralston and Hayes (2002) have
reviewed the fall DO conditionsin the Stockton Deep Water Ship Channel for 2000.

Figure C-1 in Appendix C also shows the applicable water quality objective for the DWSC. The
objective for the period December 1 through August 31 is5 mg/L at any time and location. For
the period September 1 through November 30, the objective is 6 mg/L at any time and location
between Channel Point and Turner Cut. As discussed by Gowdy and Foe (2002), this difference
is based on a State Water Resources Control Board decision designed to prevent DO
concentrations less than 6 mg/L from inhibiting the fall run of Chinook salmon through the
DWSC to their home waters in the eastside rivers (Stanislaus, Merced and Tuolumne Rivers).

The Appendix C Hayes cruise data have been reduced to a multi-page figure (Figure 9) which
summarizes the DO depletion below the water quality objective for selected locations in the
DWSC. The Hayes cruise data provide information on the occurrence, frequency and location of
DO depletions below the water quality objective for the period 1995 through 2002 in the late
summer and fall for surface and bottom waters. Figure 9 presents shaded areas showing the
duration and magnitude of DO concentrations below the WQO for nine stations from
downstream to upstream. The duration of each incidence is interpolated between the sampling

11
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Incidence of Dissolved Oxygen below WQO

Surface Water 2001
Location August September October November Dec.

Avg. BODu Load to DWSG (biday) 36,600 59,000 62,000

Avg. Flow of SJR to DWSC (cfs) 600 700 — 1,100 790 — 1,700

Light 4 (Station 2) 1 | | | | |
Light 14 (Station 5) 1 I T 1 1 1
Light 18 (Station 6) 1 | 1 1 1 1
Light 19 (Station 7) 1 1 | | 1 1
Light 34 (Station 9) I I I |

Light 40 (Station 10) | | I 1
Light 41 (Station 11) I | | 1
Light 43 (Station 12) 1 1 | 1
Light 48 (Station 13) I | | 1

Monitoring Period and Sampling Event
DO more than 1 mg/L below Water Quality Objective
Incidence of Dissolved Oxygen below WQO
Bottom Water 2001
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 36,600 59,000 62,000

Avg. Flow of SJR to DWSC (cfs) 600 700 — 1,100 790 — 1,700
Light 4 (Station 2) | |
Light 14 (Station 5) [ 1
Light 18 (Station 6) I |
Light 19 (Station 7) I |
Light 34 (Station 8) I |
Light 40 (Station 10) | ]
Light 41 (Station 11) I j
Light 43 (Station 12) | 1
Light 48 (Station 13) | [ | | | |

__] Manitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 2000
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 43,000 40,000 51.000 — 125,000 — 27,000

Avg. Flow of SJR to DWSC (cfs) 770 — 1,350 1,300 1,900 — 600
Light 4 (Station 2) L | | | 1 I |
Light 14 (Station 5) [ | | [ | ] ]
Light 18 (Station 6) | I | 1 I | |
Light 19 (Station 7) | | 1 | | | |
Light 34 (Station 9) | | 1 | | | |
Light 40 (Station 10) [ | I [ I | |
Light 41 (Station 11) I I | | | 1 1
Light 43 (Station 12) I | | | | | |
Light 48 (Station 13) L | | | | | |

Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/l. below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 2000
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 43,000 40,000 51,000 — 125,000 — 27,000

Avg. Flow of SJR to DWSC (cfs) 770 — 1,350 1,300 1,900 — 600
Light 4 (Station 2) | [ | | | |
Light 14 (Station 5) I | | | | |
Light 18 (Station &) | | I I | 1
Light 19 (Station 7) | | | | 1 |
Light 34 (Station 9) I 1 | 1 | |
Light 40 (Station 10) | | | | I |
Light 41 (Station 11) L 1 | | | 1
Light 43 (Station 12) I | | 1 | |
Light 48 (Station 13) | | | 1 | ]

| Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quali

DO 0.5 to 1 mg/L below Water Quality Object

Object

ve

Ve

DO more than 1 mg/L below Water Quality O

bjective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1999

Location August September October November Dec.

Avg. BODu Load to DWSC (Ib/day) 64.600 132,000 — 46000 70,800

Avg. Flow of SJR to DWSC (cfs) 940 1,100 — 400 570

Light 4 (Station 2) l | l | I l | 1 |

Light 14 (Station 5) [ | 1 | | | | | |

Light 18 (Station 6) [ | 1 | | | | | |

Light 19 (Station 7) I I | | | I 1 | 1

Light 34 (Station 9) |

Light 40 (Station 10)

Light 41 (Station 11)

Light 43 (Station 12)

Light 48 (Station 13)

| Monitoring Period and Sampling Event

. DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objeclive

DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 1999

Location August September October November Dec.

Avg. BODu Load to DWSC (Ib/day) 64,600 132,000 — 46000 70,800

Avg. Fiow of SJR lo DWSC (cfs) 940 1,100 — 400 570

Light 4 (Station 2) [ I { ] I | | 1 1

Light 14 (Station 5) ! | | | | | | | |

Light 18 (Staticn 6) | | | | | i | 1 |

Light 19 (Station 7) [ | | | | 3 | | |

Light 34 (Station 9)

Light 40 (Station 10)

Light 41 (Station 11)

Light 43 (Station 12)

Light 48 (Station 13)

Monitoring Period and Sampling Event

DO 0 to 0.5 ma/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1998

Location August September October November Dec.
Avg. BODu Load o DWSC (Ib/day)

Avg. Flow of SJR to DWSC (cfs) 1,500 2,000 2,500 1,000 2,000
Light 4 (Station 2) I | 1 1 |
Light 14 (Station 5) I | | 1 |
Light 18 (Station &) | | | 1 |
Light 19 (Station 7) I | | I 1
Light 34 (Station 9) | | | | 1
Light 40 (Station 10) [ | 1 | 1
Light 41 (Station 11) | I 1 1 |
Light 43 (Station 12) | | 1 1 |
Light 48 (Station 13) | | 1 1 |

| | Monitoring Period and Sampling Event
“ . DO O to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO

Bottom Water 1998
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)

Avg. Flow of SJR to DWSC (cfs 1,500 2,000 2,500 1,000 2,000
Light 4 (Station 2) | | | | | |
Light 14 (Station 5) | ] | | | |
Light 18 (Station 6) [ [ I I | |
Light 19 (Station 7) i | 1 | i 1
Light 34 (Station 9) | | | | |
Light 40 (Station 10) | | | 1 | |
Light 41 (Station 11) [ | j | | ]
Light 43 (Station 12) I I I | | |
Light 48 (Station 13) | | | | | |

[T T Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 1997
Location August September October November Dec.
Avg. BODu Load to DWSC (lb/day)
Avg. Flow of SJR to DWSC (cfs) 900 900 700 400 500
Light 4 (Station 2)
Light 14 (Station 5)
Light 18 (Station 6)
Light 19 (Station 7)
Light 34 (Station 9)
Light 40 (station 10)
Light 41 (Station 11) T Em
Light 43 (Station 12)
Light 48 (Station 13)
|_I [ Monitoring Period and Sampling Event
3 DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective
Incidence of Dissolved Oxygen below WQO
Bottom Water 1997
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)
Avg. Flow of SJR to DWSC (cfs) 900 900 700 400 500

Light 4 (Station 2)
Light 14 (station 5)
Light 18 (Station 6)
Light 19 (Station 7)
Light 34 (Station 9)
Light 40 (Station 10)
Light 41 (Station 11)
Light 43 (Station 12)

Light 48 (Station 13)

| Meonitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1996

Location August September October November
Avg. BODu Load to DWSC (Ib/day)
Aug. Flow of SJR 1o DWSC (cfs)| 600 700 1,600 1,500

Light 4 (Station 2) | I | | | | 1
Light 14 (Station 5) I | | | | | f
Light 18 (Station 6) I 1 | | | I 1
Light 19 (Station 7) I 1 | | | 1
Light 34 (Station 9) I 1
Light 40 (Station 10) | 1
Light 41 (Station 11) | 1
Light 43 (Station 12) | 1
Light 48 (Station 13) I 1

L_L_I Monitoring Period and Sampling Event ____ |

i DO 010 0.5 mg/L below Water Quality Objective

Wno 0.6 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective |
Incidence of Dissolved Oxygen below WQO
Bottom Water 1996
Location August September October November
Avg. BODu Load to DWSC (Ib/day)

Avg. Flow of SJR to DWSE (cfs) 600 700 1,600 1,500
Light 4 (Station 2) | ]
Light 14 (station 5) I i
Light 18 (Station 6) | |
Light 19 (Station 7) | |
Light 34 (Station 9) | 1
Light 40 (Station 10) | |
Light 41 (Station 11) | |
Light 43 (Station 12) I |
Light 48 (station 13) | |

Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO mere than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 1995
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)
| Avg. Flow of SJR to DWSC (cfs) 900 1,400 2,500 400 500

Light 4 (Station 2) | | I 1 | |
Light 14 (Station 5) | I | | | |
Light 18 (Station 6) | | | ] | |
Light 19 (Station 7) | I | I | 1
Light 34 (Station 9) | 1 1
Light 40 (Station 10) L | | I I ]
Light 41 (Station 11) | 1 1 | | 1
Light 43 (Station 12) | | | 1 | |
Light 48 (Station 13) l l 1 | | 1

Manitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 1995
Location August September October November Dec.
Avg BODu Load to DWSC (Ib/day)

Avg_ Flow of SJR to DWSG (cfs) 900 1,400 2,500 400 500
Light 4 (Station 2) 1 | |
Light 14 (Station 5) I | 1
Light 18 (Station 6) | I |
Light 19 (Station 7) 1 1 1
Light 34 (Station 9) 1 1 |
Light 40 (Station 10) | 1 |
Light 41 (Station 11) I | 1
Light 43 (Station 12) | | 1
Light 48 (Station 13) | 1 1

[T [ Monitoring Period and Sampling Event
DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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events, which are depicted as vertical bars. The estimated BOD,, loading (Ib/day) and average
daily flow for the indicated month are also presented.

As discussed in a subsequent section, there are also significant DO depletions below the WQO
during the early summer, and occasionally in the winter and spring. Examination of the Hayes
cruise data presented in Appendix C and Figure 9 shows that, during some years, there is
significant DO depletion below the water quality objective that is applicable to the time and
location of monitoring.

Appendix D contains a detailed presentation and discussion of the DWR Rough and Ready
Island (RRI) continuous DO monitoring data for 2002. It is of interest to compare the RRI DO
monitoring results to those of the Hayes cruise data during the summer and fall 2002. On July
23, 2002, the low point of the Hayes-measured DO data was near Rough and Ready Island.
Examination of the July 23, 2002, Hayes cruise data for Light 41, which is the position that is
near the DWR Rough and Ready Island monitoring station, shows that the measured DO by
Hayes cruise personnel in the surface waters was between 5 and 6 mg/L, while the bottom waters
were just below 5 mg/L. At that same time, the DWR RRI station showed a DO as high as 9
mg/L in the late afternoon, to about 3 mg/L by early the following morning. The next two days
shows the substantial diel DO changes that were occurring at that location, from 3 to about 8
mg/L —i.e., adiel DO swing of about 5 mg/L.

The conclusion is that, at this time, the Hayes cruise data collected about noon near the DWR
RRI station did not properly reflect the extremes in DO that occurred over a 24-hour period, and
especialy did not reflect the fact that the DO measured at about noon was about 3 mg/L higher
than the DO that occurred earlier that morning or the following morning. This change is
important since, by midday, it would be concluded based on the Hayes cruise data that the DO is
above the water quality objective, yet in early morning it is substantially below the water quality
objective.

On August 20, 2002, the Hayes cruise data showed DO concentrations near RRI of around 4
mg/L on the surface, and about 3.5 mg/L near the bottom. Rough and Ready Island monitors on
that same day showed a DO as low as 2 mg/L, with a peak near 5 mg/L. The noon value, which
is about when the Hayes data were collected, was between 3 and 4 mg/L, with a rapid increase
from about noon until late afternoon. Again, the Hayes cruise data do not reflect the extreme
low DO values that were occurring on the same days as the cruise, during the early morning
hours. As in July, the minimum DO for the Channel occurred near Rough and Ready Island,
with the result that the RRI station was measuring worst-case DO conditions for the Channel.

A Hayes cruise was conducted on September 5, 2002. DO concentrations were measured in the
surface and bottom between 3 and 3.5 mg/L, with the lowest DO values occurring in the vicinity
of the DWR RRI monitoring station. The DO measured by the DWR RRI monitoring station
ranged from about 2.8 to 4 mg/L, with somewhat less diel change than found on previous
cruises.
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A Hayes cruise occurred on September 19, 2002. The data for the surface near the Rough and
Ready Island monitoring station showed a DO concentration of 6 mg/L, while near the bottom
the DO was about 4.3 mg/L. This time the location of the minimum DO for the Channel had
shifted downstream from the RRI monitoring station. The September 5, 2002, flow of the SIR
through the DWSC was 512 cfs, while by the 19th, the flow was 738 cfs. The September 19
monitoring showed DOs at RRI of 4 to 6 mg/L, with a mean value of about 5 mg/L. Thisis
similar to what was measured by the Hayes cruise.

A Hayes cruise took place on October 7, 2002. The DO measured at the RRI station in the
surface and bottom waters was just above and below 8 mg/L. However, the position of the
minimum DO had now shifted to Light 19, which isjust below Turner Cut. On October 7, 2002,
the SIR flow through the DWSC was 1162 cfs. It is evident that, in the 500 through about 700
cfs range of SIR DWSC flows, the minimum DO begins to shift downstream below the RRI
monitoring station. By 1100 cfs, the minimum DO is downstream of Turner Cut. The DO
values measured at the RRI station by Hayes cruise personnel of about 8 mg/L on October 7
were much higher than the 2.5 mg/L that was measured at the RRI station. There may, however,
have been some problems with the RRI station response during this time, since the pattern of DO
versus time during the day, while showing a small diel change, appears to have been in error.

A Hayes cruise took place on October 22, 2002. The DO near the RRI station in the surface
waters was about 11 mg/L, while the bottom waters had just above 8.5 mg/L DO. The minimum
DO was till downstream, just below Turner Cut. The SIR DWSC flow was 1391 cfs. On
October 22, the RRI station was showing a DO minimum of about 8.5, with a maximum in late
afternoon of 11 mg/L. While the Hayes data gave the impression that there was adequate DO in
the DWSC, actually, the DO just below Turner Cut was likely in violation of the WQO in the
early morning, since by late morning it was measured in the Hayes cruise at 6 mg/L.

A Hayes cruise took place on November 21, 2002. This time the minimum DO was located near
the RRI monitoring station. The SIR DWSC flow was 85 cfs. The surface DO measured by
Hayes cruise personnel at this station was about 5.5 mg/L, with the bottom DO at about 4.9
mg/L. On November 21 the DWR RRI station measured DO concentrations just below and just
above 5 mg/L, which is similar to the Hayes data taken at about noon. These data do not reflect
the fact that there were significant water quality objective violations at this location on this date.

Hayes (pers. comm., 2003) provided the following information on the low DO situation that was
occurring in mid-February 2003:

“ Srikingly Low Dissolved Oxygen Levels Detected Within the Eastern Sockton Ship
Channel- In response to recent fish kills within the Sockton Ship Channel and sustained
low winter dissolved oxygen levels detected at the Continuous Compliance Monitoring
Sation at Rough and Ready Island, Bay-Delta Monitoring and Analysis Section staff
conducted a dissolved oxygen (DO) study in the Channel at low-water slack on February
18th using the San Carlos. Surface and bottom DO levels in the western Channel from
Prisoner’s Point to Columbia Cut (Light 14) were robust at > 9.0 mg/L due to tidal
mixing and relatively cool water temperatures (11-12°C). Within the central Channel,
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surface and bottom DO levels dropped from > 8.0 mg/L west of Turner Cut (Light 19) to
3.0 mg/L at the surface and 2.0 mg/L at the bottom at Fourteen Mile Sough (Light 34).
Within the eastern portion of the Channel from Buckley Cove (Light 40) to the middle of
Rough and Ready Island (Light 43), DO levels were strikingly low at the surface (<3.0
mg/L) and at the bottom (<2.0 mg/L). A minimum surface DO of 1.4 mg/L and bottom
DO of 0.2 mg/L were measured at the western end of Rough and Ready Island (Light 41).
Low San Joaquin River inflows to the eastern Channel, dlightly warmer water
temperatures (12-13°C), an ongoing algal bloom within the eastern Channel, and
reduced tidal circulation all appear to be contributing to the anomalous mid-winter DO
findings within the central and eastern portions of the Channel. However, the lack of DO
stratification within the Channel indicates that factors other than the ongoing algal
bloom may be contributing to these values. The results of nutrient and BOD samples are
pending, and follow-up studies are anticipated.”

From this information it appears that the low-DO conditions that occurred in the DWSC during
late January and February 2003 were associated with an algal bloom, low SJR flow through the
DWSC and city of Stockton wastewater discharges of ammonia. This issue is discussed in
another section of this report.

Overall, it can be concluded that the Hayes cruise data, which involve discrete sampling at
selected locations at one time during the day, where in the critical reach the readings are made in
late morning through early afternoon, are not a reliable indicator of the minimum DO that occurs
near the Rough and Ready Island station under SJR DWSC flow conditions of less than about
600 cfs, when the minimum DO has been found to occur in 2002 off of Rough and Ready Island.
Further, under periods of SIR flow through the DWSC greater than about 700 cfs, the minimum
DO vaues measured at the RRI station are elevated above the actual minimum DOs that are
occurring in the Channel, as a result of the minimum DO concentrations having shifted
downstream of Rough and Ready Island.

Several general trends are evident from areview of the Hayes cruise data:

e Frequently, the DO concentrations below the water quality objective occur off of Rough
and Ready Island near the beginning of the DWSC, and may extend to Turner Cut (DWR
station 7).

e The point of greatest DO depletion tends to be shifted downstream toward Turner Cut
with increased SJR flow through the DWSC.

e DO concentrations below the applicable water quality objective do not occur downstream
of Disappointment Slough/Columbia Cut, and rarely occur downstream of Turner Cut.

e Frequently, thereis slightly greater DO depletion below the water quality objective in the
near-bottom waters than in the surface waters. Foe, et al. (2002) found, upon
examination of the temperature and DO data from 615 DWR Hayes cruises conducted
since 1983, that there was on average about a 0.3 mg/L difference in DO between the
surface and bottom waters in the critical reach of the DWSC. This difference is not
related to thermal stratification within the DWSC, but relates to inadequate mixing of the
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water column by tidal currents, algal photosynthesis in the near-surface waters and
suspended particulate BOD in the near-bottom waters.

e During those “wet” years (e.g., 1998, 2000) when the SJR flows through the DWSC were
in excess of about 2,000 cfs, DO depletions below the water quality objective rarely
occurred.

e During “dry” years or when the SIR was essentially completely diverted down Old River
(i.e., the flows in the SJIR through the DWSC were a few hundred cfs), the DO depletion
in the DWSC was the greatest, with some values below 2 mg/L.

e The Port of Stockton Turning Basin which is an extension of the DWSC frequently has
higher algal concentrations in the surface waters. This can lead to significant DO surface
water supersaturation. Further, the bottom waters of the Turning Basin frequently show
greater DO depletion than the main channel. Because of tidal water excursion, Turning
Basin waters are mixed to some extent with main channel waters with each tidal cycle.

During the study period (1999 to 2001), the city of Stockton conducted about weekly monitoring
runs through the DWSC during part of the summer and fall. These data have been presented by
the city of Stockton (Jones & Stokes 2000, 2001, 2002). The locations of the City’s sampling
stations are shown in Figure 10. This figure aso shows the DWR Hayes cruise data sampling
locations. The City only measured DO at mid-depth at each of its sampling locations. A
summary of the City’s data is presented in Appendix D. These data aso show that, at times and
locations during the study period, there are significant violations of the DO water quality
objective at mid-depth in the DWSC.

A third set of monitoring data for the DWSC occurs at the DWR Rough and Ready Island
continuous monitoring station (http://iep.water.ca.gov/cgi-bin/dss/dssl.pl ?station=RSANO058).
Van Nieuwenhuyse (2002) has presented a summary of the DWR Rough and Ready Island DO
and temperature measurements for the period 1983 to 2001. He has also presented a discussion
of these data relative to factors that may be influencing DO within the DWSC. Lee and Jones-
Lee (2003a) have presented the Rough and Ready Island DO monitoring data for 2002. A
discussion of these datais presented in Appendix D.

As a result of how this monitoring station samples the water for DO measurements, this
monitoring station measures a somewhat undefined integration of the dissolved oxygen
concentrations in about the upper third of the water column. During periods of high agal
concentrations in the surface waters, the near-surface DO concentrations in the late afternoon at
the monitoring station would be greater than that reported, and the early morning DO
concentrations in the near-surface waters would be less than that reported by the station. These
changes are due to the diel photosynthesis/respiration that occurs in the near-surface waters of
the DWSC. Examples of the diel photosynthesis/ respiration data obtained for the DWSC have
been presented by Jones & Stokes (2001, 2002). The daily DO change in the upper three feet of
water can be on the order of 3 to 4 mg/L. Further, the DO concentrations near the sediments at
the monitoring station can be significantly less than that reported for the Rough and Ready Island
monitoring station.
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Foe, et al. (2002) have provided a detailed review of the DO concentration violations below the
water quality objective for the period 1983 through 2001 for the DO measurements made at the
DWR Rough and Ready Island station. They have focused on a comparison between the
minimum DO found each day and the WQO. Overal, there is significant DO depletion below
the water quality objective typically occurring during the summer and fall months in the first
seven miles of the DWSC. In accord with Clean Water Act TMDL requirements, the
CVRWQCB must develop a management program to eliminate the violations of the water
quality objective within the DWSC.

Additional information on more recent dissolved oxygen concentration WQO violations in the
DWSC has been obtained through examination of the DWR RRI 2002 monitoring data. These
data are presented in Appendix D. Examination of Appendix D shows that there were
appreciable DO concentration violations below the WQO in the DWSC at the RRI station during
the period June through November 2002. During the summer months, at times the diel DO
swing was as much as 7 mg/L. Further, during mid-February through early March 2002, DO
concentrations at the RRI monitoring station were below the water quality objective.

Beginning in mid-January through early March 2003, there were severe DO depletions below the
water quality objective at the RRI monitoring station. A low DO concentration of 0 mg/L was
recorded during this period. The DO concentrations in the surface waters near the RRI station
were above the WQO at the beginning of January 2003. There was a steady decline in the DO
concentrations through the month, which extended into early February, with DO concentrations
around 2 mg/L during the first week of February. By mid-February, the DO concentrations at
the RRI station were near 0 mg/L each morning, with a slight diel increase each day. It was not
until early March that the minimum DOs increased above the WQO of 5 mg/L.

Oxygen Demand Constituents

The constituents responsible for causing DO depletion in the DWSC below the WQO are
carbonaceous biochemical oxygen demand (CBOD) and nitrogenous BOD (NBOD). Figure 11
presents the chemical reactions involved. Organic chemicals that can be used by
microorganisms as a source of energy through respiratory reactions constitute the CBOD. The
NBOD is composed of organic nitrogen compounds that are converted to ammonia, where this
ammonia undergoes nitrification reactions (conversion to nitrate). Nitrification is a biochemical
process that is carried out by microorganisms that utilize dissolved oxygen in converting
ammoniato nitrite and then to nitrate.

The potential significance of aquatic plant nutrients (nitrogen and phosphorus) as an ultimate
source of oxygen demand is shown in equation (1).

(CHzO)loe(N H3)16H3PO4 + 138(02) => 106CO, + 122H,0 + 16HNO3 + H3PO, (1)

The typical stoichiometry (composition) of algae is 106 C, 16 N to 1 P, on an atomic basis (see
Table 2). The death and decay of an algal stoichiometric molecular unit with complete
mineralization will consume 138 oxygen molecules. Algae represent potentially significant
sources of CBOD and NBOD. Chlorophyll a to carbon ratios range from 10 to 50 pg
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chlorophyll a per mg C. Based on the studies of King (2000), it has been found that about 10
Mg/l of chlorophyll ais equivalent to about 1 mg/L BODs. Thisis the value that has been found
for the chlorophyll a plus pheophytin a to BODs ratio for the DWSC (see Appendix E).
Pheophytin is an algal chlorophyll pigment that has lost the magnesium atom. It is an indication
of dead algae. Each mg/L of algae yields a theoretical oxygen demand of 1.2 mg/L, where about
25 percent of the oxygen demand is due to the nitrification of organic nitrogen in the algae to
nitrate. As part of this mineralization, 16 atoms of nitrogen and one phosphorus atom are
released. One mg/L ammonia N or organic N can consume 4.57 mg/L O, as part of nitrification
of the ammonia to nitrate. One mg C in the form of organic matter that is oxidized to CO;
requires about 2.7 mg O..

Figure1l
Oxygen Demand Constituents

C-BOD — Carbonaceous Biochemical Oxygen Demand

Bacteria

Organic + Op — > COp + Hy0 Respiration
N-BOD — Nitrogenous Biochemical Oxygen Demand

NHs + O, £2¢m2, NO5™ Nitrification
Organic N 22, NHg Ammonification
Algae 22", 4 Oy — COy + Hy,0 Respiration

SOD — Sediment Oxygen Demand

Inorganic + O, Abiotic Fe3+ + 804:
Biotic

Organic+ O — > COp + Hy,0O

Table2
C, N, P Composition of Algae
C N P
(atomic) 106 16 1
(mass) 1272 224 31
40% 7.2% 1%

Based on Redfield numbers, Litton (2003)
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As discussed by Lee (1971) and Lee and Jones-Lee (2002a, 2003b), oxygen depletion in
waterbodies is a characteristic of excessively fertile (eutrophic) waterbodies. Many eutrophic
(high algal content) waterbodies experience DO depletion in the bottom waters, especialy if
there is limited mixing between the surface and bottom waters. Under conditions of high algal
growth/loads, such as occurs in the DWSC, mid-depth and surface water oxygen depletion can
also occur, particularly if background turbidity severely limits the photic zone.

Conceptual Model of the SJIR DWSC Oxygen Demand Processes. Lee and Jones-L ee (2000a)
presented a conceptual model of the major processes governing oxygen depletion in the DWSC.
Figure 12 presents a pictorial representation of some of the important processes and issues
governing DO depletion in the DWSC. Examination of the figure shows that the SIJR, which is
from eight to 10 feet deep, enters the DWSC at Channel Point. Just upstream of this location, the
city of Stockton's treated wastewaters are discharged to the DWSC. These wastewaters, in
addition to containing conventional wastewater treatment plant residues, such as carbonaceous
and nitrogenous BOD, also at times can contain appreciable concentrations of algae, which
develop in the City’s wastewater ponds. While the City has the ability to filter the algae out of
the effluent, thisis not always done, with the result that, at times, there is an additional algal oad
added to the DWSC from these ponds. This additional algal load, as measured by chlorophyll a,
does not represent a significant additional chlorophyll a concentration discharged to the DWSC.

The upstream oxygen demand load, including algae, enters the DWSC and soon becomes mixed
through the water column, principally through tidal action. The SJIR flows entering the DWSC
during the summer and fall at times (under drought conditions), can be negative, due to upstream
diversions of water down Old River and by agricultural use for irrigation, to several thousand cfs
downstream through the DWSC. As discussed by Brown (2001, 2002a), the overall flowsin the
DWSC are controlled primarily by tidal action, where there are from 2,000 to 4,000 cfs of tidal
flow associated with each tide. The large tidal flow, compared to the norma summer/fall net
SJIR downstream flow, makes it somewhat difficult to reliably determine the net downstream
flow, since it can be on the order of 100 to 1,000 or so cfs, relative to a background tidal flow of
2,000 to 4,000 cfs.

The algae that enter the DWSC, which are usually the principal source of oxygen demand, are
soon dispersed through the water column. While in the San Joaquin River, because of its
shallow depth, algae are periodicaly exposed to some sunlight and, therefore, are able to
continue to reproduce. However, the algae and inorganic turbidity of the DWSC limit light
penetration that can lead to photosynthesis, to about the upper three to six feet. This means that
there are over 30 feet of the DWSC where there is insufficient light to enable algae to continue to
grow through photosynthesis. This, in turn, leads to their death and decay, which exerts an
oxygen demand. These processes are shown in the upper part of Figure 13. The lower part of
Figure 13 is discussed in the section on sediment oxygen demand.
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The tidal-caused, wind-induced and net SJR flow-induced mixing within the DWSC typically
prevents the DWSC from becoming stratified for any significant period of time, and tends to mix
the water column fairly well most of thetime. There appear to be periods of afew hoursto afew
days where the mixing that occurs is not sufficient to fully mix the water column in the DWSC.
These periods may be important in causing localized areas of DO depletion.

An important component of the conceptual model is the settling and resuspension of algae and
other forms of oxygen demand, such as agal-derived detritus within the DWSC. These
processes influence the transport of particulate BOD through the DWSC, and therefore their
potential impacts on DO within the DWSC, especially in the near-bottom waters.

The principal water quality issue of concern in the DWSC is DO depletion below the water
guality objective in the water column, which is adverse to aguatic life habitat. Thisis primarily
manifested in slowing the rate of growth of fish and other aquatic life. DO depletions can be
sufficiently severe to cause fish kills; however, in recent years, adult fish kills due to low DO
have not been observed in the DWSC. Larval fish kills and death of organisms that provide fish
food are often difficult to observe. In addition to affecting fish and other aquatic life within the
DWSC that inhabit this area, there is also concern about the impacts on the homing migration of
anadromous fish, in particular the fall run of Chinook salmon, which pass through the DWSC as
part of their homing to tributary waters upstream of the DWSC.

Algae as an Oxygen Demand Constituent. An issue of primary concern to the TAC in
conducting these studies of oxygen depletion problems in the DWSC is an assessment of the
relative significance of the various constituents which serve as oxygen demand sources in the
DWSC. The NBOD constituents can be assessed from the ammonia and the organic nitrogen
concentrations/loads to the DWSC through the kinetics (rates) of ammonification and
nitrification reactions. However, the components of the CBOD cannot be as readily assessed.
Severa investigators (King, 2000; Foe, et al., 2002; Dahlgren, 2002; Lehman, 2002; Litton,
2001, 2003) have developed correlations between the planktonic algal chlorophyll a
concentrations in the water and the measured BOD at various locations in the SIR and DWSC.

It is of interest to examine the city of Stockton data for 1999, 2000 and 2001 for the relationship
between BODs and the sum of the chlorophyll a and pheophytin a. Using the sum of the
chlorophyll a and pheophytin a as a potential estimate of oxygen demand is based on the results
of Foe, et al. (2002) and Dahlgren (2002). Brown also recommends this approach (pers. comm.,
2002). A discussion of thisissue is presented in Appendix E. Litton (2003) demonstrated that
phytoplankton concentrations were best characterized by the pigment sum, and that there was a
one-to-one conversion of chlorophyll a to pheophytin a.

In general, there was afairly good relationship for most locations between BODs and the sum of
planktonic algal chlorophyll a and pheophytin a during 2000 and 2001. The scatter about the
line of best fit is due to the variety of factors that are known to affect this relationship, such as
variable algal chlorophyll a content. This relationship supports the position that algae and their
remains are the primary source of oxygen demand in the SIR at Mossdal e and within the DWSC.
However, while Litton (pers. comm., 2002) found a good correlation in 2001 near the city of
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Stockton station R3 (Channel Point), at the city of Stockton station R5 the correlation was
poorer. He also indicated that he saw a very poor correlation between BOD and planktonic algal
chlorophyll a at thislocation in 2000. The reason for these differences is unknown.

Litton (2003) and Lehman (2002), as well as the city of Stockton (Jones & Stokes, 2002) have
made BOD measurements in the presence of a nitrification inhibitor. The results of the inhibited
CBOD tests conducted in the SJR studies show that from 40 to 60 percent of the BODs in the
San Joaquin River samples taken from Mossdale, within the DWSC and from the City’s
wastewater discharges, is CBOD. However, as discussed by Standard Methods (APHA, et al.,
1998), NCASI (1985) and Baird and Smith (2002), the nitrification-inhibitor approach can yield
unreliable assessments of the CBOD, since the inhibitor also inhibits the growth of some bacteria
that utilize the CBOD. Outside of measuring the increase in nitrate concentrations in the BOD
test, the nitrification-inhibitor approach is a frequently used, although sometimes unreliable,
approach to estimate CBOD in a sample. The recommended approach for determining the
NBOD in a sample is through measuring the increase in nitrite/nitrate that occurs during the test.
Baird and Smith (2002) have recently completed a comprehensive review of the BOD test. This
review should be consulted for additional information on factors influencing the test results. A
subsequent section of this Synthesis Report discusses previous studies by Fitzgerald (1964)
which indicate that the BOD of algae isinfluenced by avariety of factors.

The investigators in this study have concluded that a significant part (if not most) of the CBOD
measured is derived from algae, either in the form of live algae that die in the BOD test, or dead
algae that are present in the water sample tested. A significant part of the NBOD present in the
samples is derived from the organic nitrogen in algae that are present in the water samples tested
for BOD.

FactorsInfluencing DO Depletion in the DWSC

There are several factors which influence the oxygen demand assimilative capacity of the
DWSC. The most important include the construction of the Deep Water Ship Channel and the
flow of the SJR through the DWSC.

Significance of the Port of Stockton. In the winter of 2001, Foe of the CVRWQCB, with the
assistance of several members of the TAC, initiated work to begin to define the TMDL of
oxygen-demanding materials that can be added to the DWSC without causing DO depletion
below the water quality objective. This effort has been called a “ Stravman” analysis of oxygen
demand loads and impacts. Also considered in this effort were some of the factors, such as SIR
flow through the DWSC and DWSC morphology (depth), that apparently were affecting the DO
depletion that occurs within the DWSC as a function of oxygen demand load to the DWSC.
Further, initially based on the year 2000 data collected during the summer and fall, Foe
conducted an analysis of the sources of oxygen demand in the SIR DWSC watershed that appear
to be responsible for DO depletion in the DWSC below water quality objectives.

In the winter of 2002, Foe expanded the Strawman analysis to include, where possible,
consideration of the summer/fall 2001 data on the DWSC and the sources of oxygen demand in
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the SIR DWSC watershed. Foe has written up the results of his 2000 and 2001 Strawman
analysisin areport (Foe, et al., 2002).

As part of the Strawman analysis, studies were conducted on the impact of DWSC morphol ogy
(depth) on DO depletion, using the Chen-Systech model discussed below (Chen and Tsai, 2002).
Chen and Tsai (2002) reported (see Figure 14a) that, if the DWSC had not been constructed —
i.e., the SIR downstream of Stockton were 8 to 10 ft deep, as it is upstream of the City —the DO
depletion below the Port of Stockton in the critical reach would not exist, especially with SIR
flows through the DWSC above about 500 cfs, or would be small at flows less than about 500
cfs.

In developing Figure 14a, Chen and Tsai (2002) assumed that the SIR below the Port of
Stockton had the same depth as the SIR immediately upstream of Stockton. The Chen-Systech
model was then run with this SIR geometry for the purpose of assessing the magnitude of the
oxygen deficit that would be found in the SIR downstream of the Port if the DWSC had not been
developed. As shown in the upper part of Figure 14b, during summer 1999 at 1,000 cfs of SIR
flow through the DWSC and the current DWSC geometry, there is a predicted 4,000 kg oxygen
deficit in the DWSC, while in 2000 (Figure 14b, lower) the predicted oxygen deficit at 1,000 cfs
of SIR flow through the DWSC would be essentially zero. The difference between summer
1999 and summer 2000 is that during the summer 2000 the flow of the SIJR through the DWSC
was typically in excess of about 1,500 cfs.

As shown in Figure 14a, at the pre-dredging depth, at a SIR flow through the DWSC of 1,000
cfs, the oxygen deficit would be predicted to be zero for both 1999 and 2000 conditions. It is
only at SIR DWSC flows of about 250 cfs (see Figure 14a) that there would be any potentially
measurable DO deficit in the undredged Channel. The results of this modeling are in accord
with the situation found in the SIR upstream of the City, where the 8 to 10 ft deep SIR does not
experience DO depletions below water quality objectives. In fact, it is often supersaturated with
respect to DO, due to algal photosynthesis.

It is, therefore, concluded that the existence of the DWSC, beginning at the Port of Stockton,
where the SIR changes from 8 to 10 feet deep to 35 to 40 feet deep, is a major factor in causing
DO depletion below the water quality objective. The primary responsible party for the DWSC
DO depletion problem is the Port of Stockton and those who benefit from the existence of the
Port. The primary beneficiaries are the agricultural and commercial interests that utilize the Port
for low-cost transport of goods to and from the Port. According to Port-provided information
(Port of Stockton, 2002), the principle exports handled through the Port are grain, coal, sulfur,
coke, scrap steel, amonds, steel coils, beet pulp pellets, logs, bagged wheat seed, bagged rice
and steel pipe, while the imports include fertilizers (dry and liquid), anhydrous ammonia,
molasses, cement, machinery, steel beams, steel coils, sugar, magnesite and grain.
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Dissolved Oxygen Deficit (kg)

Figure 14b

Predicted Impact of SIR DWSC Flow on DO Deficit (from Foeet al., 2002)
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Lower Figure: Based on 2000 conditions
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Impact of SIR Flow through the DWSC. The amount of SJR flow that enters the DWSC has
two opposing effects. Greater SIR flow into the DWSC normally increases the oxygen demand
load to the DWSC, since it transports greater oxygen demand loads in the form of algae into the
DWSC,; however, the increased flow also decreases the hydraulic residence time of the critical
reach of the DWSC. As discussed above and in Appendix C, it has been found that, during
summers/falls when the SIR flow through the DWSC is above about 2,000 cfs, there are few DO
depletion problems below the water quality objective. It has also been found that, when the SIR
flow through the DWSC is a few hundred cfs, the DO depletion problems in the DWSC are
severe, sometimes with DO concentrations below 2 mg/L. It is important to emphasize that
reported UVM flows below a few hundred cfs are not highly reliable. This issue was discussed
by Foein the Lee and Jones-Lee (2000a) “Issues’ report.

The Strawman analysis has provided estimates of the allowable oxygen demand loads to the
DWSC as a function of SIR flow through the DWSC. Figure 14b shows the results of the
modeling (Chen and Tsai, 2002) of the magnitude of the oxygen deficit in the DWSC as a
function of SIR DWSC flow. These results are based on the use of the Chen-SysTech model to
examine how the flow of the SJR through the DWSC and its associated oxygen demand load
influences DO depletion in the DWSC. As shown, when the SIR DWSC flows are above about
2,000 cfs, the magnitude of the DO depletion in the DWSC below water saturation is small.
There is, however, a steep gradient in DO deficit versus flow in the range of about 500 cfs to
about 1,500 cfs. These results are in general agreement with the DWSC measurements made by
DWR in the Hayes cruises (Figure 9) and by the city of Stockton in their monitoring of the
DWSC in 1999, 2000 and 2001. The data collected on the DWSC over the years shows that
during wet, high-flow years, with flows through the DWSC above about 2,000 cfs, there were
few DO depletions below the water quality objective.

Even though increasing the flow of the SIR through the DWSC increases the total oxygen
demand load added to the DWSC, in the form of algae derived from upstream of Mossdale, this
increased load of BOD, is not exerted in the seven-mile critical reach of the DWSC (to Turner
Cut) where DO depletion below the water quality objective has been found to occur. Also, as
discussed above, SJR DWSC flows of a couple of hundred cfs tend to cause the greatest
depletion of DO in the DWSC.

The impact of flow on DO depletion seems to be primarily related to the changes in the hydraulic
residence time of the critical reach of the DWSC. During low flow, even relatively small loads
of oxygen demand have sufficient time to be fully exerted in the DWSC before mixing with the
cross-channel flow of Sacramento River water that occurs at Turner Cut and Columbia Cut. At
high SJR flows through the DWSC, the hydraulic residence time (travel time) of BOD,, through
the first seven miles of the DWSC is sufficiently short so that alarge part of the BOD,, load is not
exerted in the critical reach, and is transported into the Central Delta via Turner Cut and,
especially, Columbia Cut.

The SIR flow through the DWSC during the summer and early fall is controlled by tributary
eastside river reservoir releases; supplemental flow from the Delta-Mendota Canal, which is part
of the Federal Project; agricultural, municipal and other diversions, agricultural tailwater;
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subsurface (tile) drain water; shallow groundwater discharges and recharge to the SIR and its
tributaries; and municipal and industrial wastewater discharges. One of the most important
causes of decreased flow of the SJIR into the DWSC is the diversion of SIR water into Old River
near Mossdale. Associated with the development of the Central Valley Project (Federal Project)
and the California State Water Project (State Project) devoted to exporting water from the South
Delta to Central and Southern California, it was found that there was need to install temporary
rock tidal barriers in the South Delta. These temporary rock barriers are installed each year in
three Delta channels. The location of these barriersis shown in Figure 5.

These barriers trap incoming tides to mitigate for the lowered water levels caused by the
operation of the SWP and CVP export pumps which draw Sacramento River water across the
Delta. The barriers aso are meant to re-establish unidirectional flow in these channels to
improve water quality. As part of the CALFED Record of Decision (ROD), the temporary
barriers are to be replaced by permanent, operable barriers which can be used to control the flow
in a South Delta channel as afunction of tide stage. The existence of the temporary tidal barriers
has been found to be a significant factor in controlling the amount of SIR water that is allowed to
go downstream in the SIR channel to the DWSC, versus down Old River to the export pumps.
This is especially important during the fall, associated with the removal of the barriers, which
causes much of the SIR flow at Vernalis to enter Old River. At thistime, the flows of the SIR
through the DWSC can be greatly diminished, which has been associated with low DO
concentrations in the DWSC.

In addition to the tidal barriers, there is aso a Head of Old River temporary rock barrier that is
typically installed in April to provide increased SIR flow down the SJIR to the DWSC in order to
help young salmon migrate to the sea. The Head of Old River barrier is removed during the end
of summer to enable greater SIR flow into Old River. When the Head of Old River barrier isin
place, essentially all of the SIR flow at Vernalis enters the DWSC. Brown (Jones & Stokes,
2002) has discussed how the installation and removal of the South Delta temporary rock barriers
influence the amount of SIR water present at Vernalis that enters Old River. In late September
1999, for a period of about a week, when the Head of Old River barrier was not in place, the
removal of the Grant Line barrier in the South Delta (see Figure 5) resulted in essentially all of
the SIR flow present at Vernalis being taken/pumped down Old River to the export pumps. The
net result was that the hydraulic residence time of the DWSC changed from about a week to
almost three weeks. The DO depletion associated with this low flow (estimated to be about 200
cfs) of SIR water through the DWSC led to the lowest DO concentrations (about 2 mg/L)
experienced that year in the DWSC.

Impact of Sacramento River Cross Channel/Delta Flow. Increased SIR flow through the
DWSC tends, as expected, to push the oxygen demand point of greatest depletion (sag) further
downstream. Ordinarily, in atypical river situation, this would simply shift the location of the
low-DO problem. However, the State and Federal Projects export of South Delta water to
Central and Southern California creates a strong cross-Delta flow of Sacramento River water
toward the export pumps located near Tracy and Clifton Court (see Figure 1). Sacramento River
water, year-round, including summer and fall, has a low oxygen demand. Dahlgren (2002) has
found that during summer and fall of 2000 and 2001 the Sacramento River at Freeport, which is
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just upstream of the Delta, has planktonic algal chlorophyll a of 0.5 to about 2 pg/L. At the
same time, the SIR DWSC near Turner Cut typically has planktonic algal chlorophyll a of 2 to
12 pug/L. Thisexport pumping of South Delta water by the State and Federal Projects causes the
Sacramento River water to cut off the downstream movement of the San Joaquin River water
through the DWSC.

This cross-channel flow of Sacramento River water begins to occur at Turner Cut (Brown,
2002a), under low SJIR flow through the DWSC, and primarily occurs through Columbia Cut.
As discussed above, the Hayes cruise monitoring of the SJR DWSC below Columbia Cut over
the last 15 years or so has never found a DO problem. Rarely do low-DO problems occur below
Turner Cut. This is a result of the SIR DWSC water that exists upstream of Disappointment
Slough/Columbia Cut being mixed with the crosssDWSC flow of the Sacramento River water.
The net result is that the residual oxygen demand load that is not exerted between Channel Point
and Disappointment Slough/Columbia Cut (which can be a significant part of the total load to the
DWSC, especidlly under high SIR DWSC flow -- i.e.,, short hydraulic residence time) is
transported into the Central Delta as part of the export pumping by the State and Federal
Projects. While there is appreciable mixing/dilution of the residua oxygen demand from the
SIR DWSC present at Disappointment Slough/Columbia Cut, it is unclear whether there are any
low-DO problems that occur in the Central Delta as a result of the export of oxygen demand into
this area from the SIR DWSC. From the information available it appears that the most likely
location for low-DO conditions to occur in the Central Deltais downstream of where Turner Cut
intersects the DWSC. Under ebb tide conditions, much of the water in Turner Cut is SIR water
and, therefore, has an appreciable oxygen demand. There is need to investigate whether the
export of DWSC water down Turner Cut leadsto low-DO conditions.

Under low SIR DWSC flow (less than about 500 cfs), it has been found by Brown (2002a) that
there is potentially significant upstream transport of Sacramento River water into the DWSC, due
to tidal action. This tidal-caused upstream transport of Sacramento River water into the DWSC
dilutes the oxygen demand present in the SJR at Turner Cut and contributes to its diversion down
Turner Cut during ebb tides.

Growth of Algae within the DWSC. While Lehman and Ralston (2000), Lehman, et al. (2001)
and Lehman (2002) have found that there is appreciable algal growth within the DWSC, this
growth, through photosynthesis, also produces oxygen, which, since the waters of the DWSC are
normally undersaturated with respect to DO during the summer and fall, is available to satisfy
the oxygen demand associated with the death of the algae that developed within the DWSC. As
aresult, algal growth within the DWSC is not a significant contributor to the low-DO problem in
the surface and mid-depth waters. Algal growth within the DWSC may, however, contribute to
the greater oxygen depletion that occurs during periods when there is not complete mixing in the
near-bottom waters of the DWSC. Litton (2003) reported that the settling and resuspension rates
for particulates in the near-bottom waters are about equal. Litton also reported that the transport
of settled phytoplankton is about two to three times the hydraulic travel time. This means that
the near-bottom particulate BOD (upstream algae and detritus and in-channel-produced algae)
has a longer period of time to be exerted than the BOD that is transported in the upper water
column. Litton (pers. comm., 2002) and Van Nieuwenhuyse (2002) suggest that the elevated
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suspended solids in the near-bottom waters of the DWSC may be the site for increased biological
activity on their surfaces. This may be particularly important for nitrification reactions. As
discussed in a subsequent section, it appears that this may be an important factor influencing the
DO depletion significance of anmmonia discharges to the DWSC by the city of Stockton.

Sediment Oxygen Demand (SOD). Litton's (2001, 2003) and Litton and Nikaido's (2001)
studies of sediment oxygen demand have shown that the bedded sediment oxygen demand is not
amajor cause of oxygen depletion in the DWSC. Based on the information in Hatcher (1986)
and Bowie, et al. (1985), the DWSC bedded SOD values tend to be lower than for many
waterbodies. Litton (2003), using sediment cores, reported that the sediment oxygen demand of
bedded sediments was on the order of 0.3 to 0.8 g/m?/day. Suspending these sediments,
however, or measuring the oxygen demand of the suspended sediments taken from near the
bottom of the DWSC, showed greater oxygen demand than that found for the bedded sediments.

As discussed in Appendix C, the Hayes cruise data have shown that, frequently, there is dlightly
greater DO depletion in the DWSC in the near-bottom waters than at the surface, or at mid-
depth. This appears to be associated with short-term vertical stratification (lack of complete
vertical mixing) of the water column, where bedded sediment oxygen demand and that
associated with suspended sediments stirred by tidal action from the bottom into the water
column exert an oxygen demand in the near-bottom waters. Litton (2003) has reported that the
maximum tidal flows of about 4,000 cfs create currents of about 0.2 ft/sec which are sufficient to
suspend DWSC bedded sediments. Brown (2003) has reported that, based on Litton's SOD
values, the SOD of the DWSC would exert an oxygen demand of about 1,115 to 2,230 Ib/day
between Channel Point to just upstream of Turner Cut.

Figure 13 (shown previously) shows the various sediment oxygen demand reactions of concern
in the DWSC. These include the particulate organics (principally dead algae) serving as a source
of oxygen demand through bacterial respiration. Associated with ammonification of the organic
nitrogen in the particulates is the nitrification of ammonia present in the water column near the
sediments. While there is DO depletion near the bottom of the DWSC, the DO concentrations of
the near-bottom waters have been found to be sufficient to support nitrification.

In addition to the biotic reactions that occur in the suspended and bedded sediments, there are
also abiotic reactions involving the oxidation of reduced iron and sulfur chemical species to
ferric iron and sulfate by dissolved oxygen. These reactions are extremely rapid, and can
consume large amounts of DO over short periods of time. Further information on these reactions
has been provided by Lee and Jones-Lee (2000a). The significantly elevated SOD values
reported by Litton (2003) associated with increased stirring of the water in the sediment cores are
likely due to the abiotic reactions of dissolved oxygen with ferrous iron and sulfides.

Atmospheric Aeration. Using classical approaches for estimating reaeration based on water
velocity, waterbody physical characteristics and other factors influencing atmospheric reaeration,
Brown (2003) reported that the magnitude of atmospheric reaeration that is occurring in the
DWSC due to the DO undersaturated conditions that typically exist in the surface waters of the
DWSC, results in addition of oxygen from the atmosphere on the order of 4,500 Ib/day with an
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oxygen deficit from saturation of 4 mg/L. During the summer when the water temperatures are
20 to 26°C with a DO saturation of about 8 mg/L, this deficit is about 2 mg/L below the 6 mg/L
WQO. Based on the calculations of Brown (2003), the bedded SOD equals about one-half of the
dissolved oxygen added to the DWSC by atmospheric reaeration of the DWSC between Channel
Point and just upstream of Turner Cut. Litton (2003) has indicated that Brown’'s estimate of
bedded SOD of 2,000 |Ib of oxygen per day is on the upper end of his measured values.
Generaly, the bedded SOD was less than this amount.

Light Penetration. The studies of light penetration based on Secchi depth measurements by
Kratzer and Dileanis (2002), Lehman (2002), Lehman and Ralston (2000), city of Stockton
(Jones & Stokes, 2000, 2001, 2002), Litton (2001, 2003) and Litton and Nikaido (2001) have
shown that Secchi depth of the DWSC is typically on the order of 1 to 3 ft. This Secchi depth
trandates to a photic zone (one percent depth of light penetration) -- i.e., where there is sufficient
light for algal photosynthesis -- of 2 to 6 ft. Lind (1979) has reported that the Secchi depth is
usually between 0.5 to 0.2 of the photic zone. Secchi depth is often found to be about 85 percent
of the surface radiation. Lehman (2002) has reported that the photic zone in the DWSC is about
6 ft.

Lee, et al. (1995), based on a review of the limnological literature, have developed a general
relationship for Secchi depth and chlorophyll a, where the light penetration is primarily
controlled by algae causing light absorption/scattering. They found that for the range of
planktonic algal chlorophyll a concentrations found in the SIR and the DWSC, the Secchi depth
should be on the order of 3 to 6 ft. It is evident, since the DWSC Secchi depths are typically
much less than these values, that inorganic turbidity in the SIR and DWSC greatly increases light
scattering and absorption by particulate matter in the water column. The inorganic turbidity
severely reduces the light penetration compared to light scattering and absorption due only to
algae —i.e, sdf-shading. This reduced light penetration reduces the amount of oxygen added to
the DWSC by algal photosynthesis. This reduced light penetration is a result of inorganic and
organic turbidity derived from the SIR watershed, especially from the westside tributaries. The
inorganic turbidity is due to erosion in the SIJR watershed. Current efforts to control erosion in
the SIR watershed could lead to increased algal growth in the SIR and the DWSC.

An additional source of reduced light penetration appears to be discharges of inorganic turbidity
from the Mud and Salt Slough watersheds as well as other westside tributaries, and the colored
water discharges from the managed wetlands wildlife refuges and gun clubs during the fall.
These discharges have been found by Quinn (pers. comm., 2001) to release highly colored water
which at times has apparently been transported down the SJR into the DWSC. It appears that, in
the fall 1999 on at least one occasion (Litton, pers. comm., 2000), the dark-colored water that
was present in the DWSC reduced light penetration sufficiently so that the norma agal
photosynthesis that occurs in the surface waters was depressed, and a greater than norma DO
depletion occurred as a result of this situation. The wetlands release of colored water in the fall
is likely due to the flushing of the wetlands areas. Quinn (pers. comm., 2002) indicated that the
wetlands discharges are accompanied by a“ recognizable sul phorous smell which persisted for 1-
2 weeks.”
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Temperature. Van Nieuwenhuyse (2002) has summarized the DWR Rough and Ready Island
continuous monitoring station temperature measurements for the period 1983 to 2001. During
the months of June through October (i.e., the normal period of low DO occurrence), temperatures
ranged from about 20°C to about 27°C, with the maximum temperature normally occurring in
July and August. Changes in temperature can have a significant impact on DO depletion within
the DWSC. The reactions governing BOD exertion typically have a temperature dependence of
rate doubling for each 10°C increase in temperature. This means that there will be a significantly
increased rate of BOD exertion in the DWSC during July and August, when the temperature is
the highest.

Temperatures are also important in influencing the rate of algal growth in the SIR, upstream of
Mossdale and within the DWSC. Further, increased temperatures decrease oxygen solubility.
The impact of temperature on these various processes may be an important factor in influencing
the year-to-year variability of DO depletion, especially during cooler summers and elevated SIR
DWSC flows. Under these conditions, an oxygen demand load would be exerted at a slower
rate, and therefore, with increased flows, there could be increased export of oxygen demand past
Turner Cut into Columbia Cut-Central Delta that does not cause low DO in the DWSC. Week-
to-week changes in temperature, which can be severa degrees, may be influential in causing
some of the variability of oxygen demand load DO depletion response within the DWSC.
Additional information on temperature dependence issues is discussed in the subsequent
modeling section.

Algal Nutrients. The various investigators in these studies have found that the concentrations of
algal-available nutrients (nitrate and soluble orthophosphate) found in the SIR upstream of the
DWSC, as well as within the DWSC, are typically on the order of at least 10 to 100 times those
that have been found to be algal growth-rate-limiting. Nitrate concentrations in the DWSC are
typically several mg/L nitrate N. Soluble orthophosphate concentrations are typically several
tenths of a milligram per liter P. These concentrations are surplus of algal needs and are not
significantly depressed during algal blooms. It is evident that the growth of algae in the SIR and
the DWSC is not limited by available nutrients. This growth appears to be primarily controlled
by limited light penetration, which is influenced by the inorganic turbidity derived from
upstream erosional materials.

Forms of CBOD and NBOD. CBOD is composed of many different compounds, each with a
specific rate of biochemical reaction with dissolved oxygen. While it has been found that algae
and their remains are correlated with the BOD in the SIR at Mossdale and in the DWSC, it is
understood that the BOD of algae depends on a variety of factors. Fitzgerald (1964) conducted
studies on the factors influencing the measurement of BOD of algae. The wastewater treatment
literature (see Fitzgerald, 1964) contains several papers reporting on the problems in trying to
reliably measure the BOD of samples that contain large amounts of algae. Fitzgerald (1964)
found that several types of algae can remain viable for several days to several weeks in the dark
in a BOD bottle environment. This means that the long-term oxygen demand of some algae may
be underestimated by the BODs or even the BODjg test athough, based on the results of
Fitzgerald, the 10-day BOD would likely better incorporate the algal oxygen demand than the 5-
day test. Fitzgerald reported that a variety of factors, such as algal types, algal nutritional status,
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health, presence of algal remains and other materials, etc., influenced the measurement of the
BOD of agae in short-term BOD tests. Based on these results, it is to be expected that there
would be considerable variability in the relationship between planktonic algal chlorophyll a and
BOD.

Foe, et al. (2002) showed afairly constant relationship between the BOD;o and the BODs for the
SIR a Mossdale samples, where the 5-day value was about 65 percent of the 10-day value.
Based on these results, it appears that the Mossdale samples that Foe, et al. (2002) used for the
longer term BOD tests, where BOD was measured as a function of time, did not demonstrate the
problems found by Fitzgerald (1964) and others in measuring BOD of samples with high algal
content.

The CBOD loads to the SIR DWSC include the residual CBOD in the city of Stockton
wastewater effluent that is of domestic/industrial origin. This CBOD would also be expected to
have a different oxygen demand exertion rate than the CBOD in the SIR derived from algae in
the SIR'IDWSC.

The primary components of NBOD are ammonia and a variety of organic nitrogen compounds
each with its own NBOD exertion rate. Since organic nitrogen compounds must be converted to
ammonia before they can be nitrified and since the conversion rate of organic N to ammonia is
typically modeled (see Bowie, et al., 1985) with a first order rate constant of 0.1 per day, under
elevated flows of the SIR through the DWSC, there would not be adequate time for all organic
nitrogen compounds to be ammonified and nitrified to nitrate within the critical reach of the
DWSC. Under SIR DWSC flows of 1,500 cfs or greater where the travel time through the
DWSC is less than a week, much of the organic N added to the DWSC would not be converted
to nitrate.

There are a variety of factors that are known to influence the growth of the nitrifying bacteria,
Nitrobactor and Nitrosomonas, that can influence the conversion of ammonia to nitrite and
nitrate. Trace metals such as copper are known to be important in this reaction in natural water
systems. Bowie, et al. (1985) list such factors as pH, temperature, ammonia and nitrite
concentrations, DO concentrations, suspended solids and organic and inorganic compounds, as
influencing the nitrifications that could impact the measurement of NBOD in the BOD test and
the exertion of oxygen demand in the SIR and DWSC. The growth of these bacteriais known to
be highly temperature-dependent at low temperatures, where nitrification takes place at slow
rates at temperatures below about 10°C.

Figure 15 presents information on the effect of temperature on nitrification, from Bowie, et al.
(1985). Examination of this figure shows that, in the temperature range of about 20 to 40°C, the
rates of nitrification are relatively independent of temperature. However, at 15°C, the
nitrification rate has decreased to 95 percent of this rate, while at 10°C, the rates decrease to
about 56 percent of the 20-30°C value. Examination of the RRI temperature monitoring over the
past couple of years shows that the winter temperatures are on the order of 50°F, or 10°C. The
lowest value over the past three years was 8°C. These results indicate that the rate of nitrification
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of ammonia in the DWSC during the winter will be significantly less than in the summer, and
may, under the extreme low temperatures that have been observed, cease amost entirely.

An issue of particular importance is an understanding of the role of the city of Stockton’s
ammonia discharges during the late fall and winter as a cause of the low DO that has been found
in the DWSC during this period. For example, as discussed below, in 2002 the City was
discharging 22 mg/L ammonia nitrogen during February and March, when there were DO WQO
violations in the DWSC. At that time, the temperature of the DWSC at the RRI station was
about 12°C. At this temperature, the rate of nitrification would be expected to be about 70
percent of the typical summer values. As a result, ammonia discharged during late fall and
winter when the temperatures of the DWSC are low would be expected to persist (less
nitrification) in the DWSC to a greater extent than in the summer.

Gallagher of HydroQual (pers. comm., 2002) noted that, at times, nitrification takes place at a
higher rate than would be expected. The conditions that cause these higher rates of nitrification
are not understood, and it is unclear whether this type of situation occurs in the DWSC. It is
evident that much greater emphasis should be placed on understanding the role of anmonia as a
cause of oxygen depletion in the DWSC. Litton (pers. comm., 2003) is, at the time of
development of this write-up, conducting studies to better understand the role of ammonia as a
cause of low DO in the DWSC during late January through early March 2003. A discussion of
his preliminary resultsisincluded in a subsequent section of this report.

Figure 15
Effect of Temperature on Nitrification
as Reported by Borchardt (1966), from Bowie, et al. (1985)
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Box Model Calculations

Lee and Jones-Lee (2000a,b; 2001), as part of developing the “Issues’ report, presented “box
model” calculations of the oxygen demand loads to the DWSC, and some of the factors
influencing oxygen depletion within the DWSC. This analysis supported the previous
conclusions of Brown and Caldwell (1970), McCarty (1969) and Jones & Stokes (1998) that the
primary source of oxygen demand for the DWSC was algae developed in the SIR upstream of
the DWSC. Lee and Jones-Lee reported that the upstream of Vernalis oxygen demand loads
found during August and September 1999 were on the order of about 60,000 to 70,000 Ib/day
BOD,, which were about 10 times the city of Stockton loads of oxygen demand to the SIR just
upstream of the DWSC. However, in October 1999, with reduced algal growth in the SIR
upstream of Vernalis associated with reduced light duration and cooler temperatures, the
upstream algal oxygen demand load decreased to about 10,000 Ib/day BOD,, and the city of
Stockton wastewater load increased to about the same value — i.e., the two were about equal.
The increase in the city of Stockton load was associated with the City’ s discharge of significantly
elevated concentrations of ammoniain its wastewater effluent.

The 2000 and 2001 studies conducted by the TAC were designed to develop data that could be
used to further examine oxygen demand load sources, with particular reference to the city of
Stockton wastewaters and the upstream sources. Tables 3, 4 and 5 present the results of box
model calculations of oxygen demand sources for the DWSC based on the studies conducted in
1999, 2000 and 2001. Appendix F presents backup information on the basis for developing the
estimated loads presented in these tables. Table 6 provides information on how the values in
each of the columns of Tables 3, 4 and 5 have been developed. A discussion of the columnsin
these tables follows.

The city of Stockton used an analytical method for measuring ammonia with a detection limit of
about 0.2 mg/L for ammonia N, and for organic N of about 0.5 mg/L N. These detection limits
resulted in many of the SIR and DWSC ammonia and organic nitrogen concentrations being
reported as “non-detect.” Frequently, based on Dahlgren’s data, the concentrations of these two
parameters were just below the City’s detection limits. For the purposes of the calculations
presented in this report, it was assumed that “less than” values for ammonia and organic nitrogen
were one-half of the detection limit. This approach probably underestimates the ammonia and
organic N concentrations in the SIR and the DWSC samples to some extent, since half of the
detection limits is typicaly, where data were available from Dahigren, less than the
concentrations measured by Dahlgren. This problem did not occur with the city of Stockton’s
effluent measurements since the concentrations were almost always above the analytical method
detection limit.

The estimated oxygen demand loads at Mossdale are based on a city of Stockton-measured
BODs in mg/L, times the UVM flow of the SIR through the DWSC plus the city of Stockton
wastewater flow in cfs, times 3, times 5.4, as shown in equation (2):

BOD, (load to the DWSC) = BODs in mg/L (at Mossdale) x 3 x 5.4 x (SIR
DWSC flow in cfs+ city of Stockton wastewater flow) (2
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Table3

DWSC Estimated Oxygen Demand L oads and Deficits

1999
Travel Time (days) Loads (BOD,)
Oxygen
Sum of | Demand
Channel DO Turner Deficits | Exerted DO
Mossdale Pt to Mossdale | Deficitat | Mossdale Cut R7 Below in Deficit at
Flow to Turner | toTurner | Mossdale + City % (Ib/day) (Ib/day) WQO DWSC R7
Date (cfs) | Channel Pt Cut Cut (Ib/day) (Ib/day) City (Calc.) (Meas.) (Ib) (Ib/day) | (Ib/day)
8/24 850 1.8 94 11.2 0] 64226| 185| 26,544 | 66,096 | 16,300 | -18,394 | 16,524
8/31 1,024 15 7.8 9.3 2,765 64,984 183 | 31,216 | 66,355| 14,540 | -20,725| 19,344
9/07 1,022 15 7.8 93| +4967| 120,350 14.7 | 57,812 | 102,650 | 28,170 -1,064 | 18,764
9/14 1,157 13 6.9 8.2 +625| 130,160 13.6| 68,045 | 153,696 | 59,470 | -49,777 | 26,241
9/21 1,135 13 7.0 8.3 2,452 | 146,109 121 75668 | 154451 | 32,680 | -32,245| 23,903
9/28 395 3.8 20.3 24.1 2,133 | 45856 | 38.6 6,803 | 31,355| 53,960 8,955 5,546
10/05 494 3.0 16.2 19.2 4,001 64,013 43.7| 13961 | 30411 | 76,340 | 23,732 9,870
10/19 623 24 12.8 15.2 1,009 72,407 38.7| 21,739| 84,778| 78430 | -31,211| 18,840
10/26 592 2.5 13.5 16.0 3,516 75,952 36.9| 21351| 76,723 | 57,340 | -17,394 | 16,623
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Table4

DWSC Estimated Oxygen Demand L oads and Deficits

2000
Travel Time (days) L oads (BOD,)
Sum of Oxygen
Mossdale | Channel DO Deficit Turner Deficits | Demand DO
to Pt to M ossdale at M ossdale Cut R7 Below Exerted Deficit at
Flow | Channel Turner | toTurner | Mossdale + City % (Ib/day) (Ib/day) WQO in DWSC R7

Date (cf9) Pt Cut Cut (Ib/day) (Ib/day) City (Calc) (Meas.) (Ib) (Ib/day) (Ib/day)
6/20 1,202 1.2 6.7 79| +11,034 92,731 | 9.7 49,395 19,472 0 56,383 16,876
6/27 652 2.3 12.3 146 | +15,492 50,193 | 17.9 15,795 10,562 5,360 30,477 9,154
7/11 634 2.4 12.6 15.0 + 8,217 52,600 | 6.3 16,092 16,433 790 26,581 9,586
7/18 662 2.3 12.1 144 | + 11,082 49415| 6.7 15,845 18,231 9,290 21,890 9,294
7/25 770 1.9 104 12.3 + 6,237 60,680 | 54 22,829 13,721 5,150 35,732 11,227
8/01 759 2.0 10.5 125 | + 12,296 47,806 | 12.6 17,817 19,673 | 10,930 15,017 13,116
8/08 837 18 9.6 11.4| + 10,396 42,610 | 14.1 17,282 16,271 | 10,180 13,684 12,655
8/15 725 2.1 11.0 131 +11,3%4 45,933 | 13.1 16,333 14,094 3,440 19,311 12,528
8/22 1,251 1.2 6.4 7.6 + 2,702 46,532 | 12.9 25,496 24,319 0 5,325 16,888
8/29 1,447 1.0 5.5 6.5 + 3,126 57,571 | 104 34,330 18,753 0 17,721 21,097
9/12 1,277 1.2 6.3 75| +11,723 54,237 | 31.3 29,999 10,344 0 28,722 15,171
9/19 | 1,224 12 6.5 7.7 | +8592 60,623 | 28.0| 32907 | 29,743 | 10,490 12,373 18,507
9/26 1,372 11 5.8 6.9 + 4,445 54,785 | 31.0 31,760 11,113 0 32,559 11,113
10/03 | 1,201 1.2 6.7 7.9 5,188 79,186 | 36.1 42,182 9,728 | 17,530 48,705 20,753
10/17 | 2,141 0.7 3.7 4.4 3,468 80,626 | 35.5 56,941 17,342 0 25,131 38,153
10/24 | 2,416 0.6 3.3 3.9 11,742 | 153,845| 18.6 | 112,814 19,570 0| 106,878 27,397
10/31 573 2.6 14.0 16.6 5,260 55,520 | 51.5 14,891 -- 0 55,520 --
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Table5b

DWSC Estimated Oxygen Demand L oads and Deficits

2001
Travel Time (days) L oads (BOD,)
Sum of Oxygen
Mossdal | Channel DO Deficit Turner Deficits | Demand DO
eto Pt to M ossdale at M ossdale Cut R7 Below Exerted Deficit at
Flow | Channel | Turner toTurner | Mossdale + City % (Ib/day) (Ib/day) WQO in DWSC R7
Date (cfs) Pt Cut Cut (Ib/day) (Ib/day) City (Calc) (Meas.) (Ib) (Ib/day) (Ib/day)
6/12 674 2.2 11.9 14.1| + 10,191 68,578 | 17.2 22,407 24,021 4,840 35,458 9,099
6/19 610 2.5 13.1 156 | +12,188 69,116 | 17.1 20,174 10,277 | 23,570 45,992 12,847
6/26 746 2.0 10.7 12.7 + 8,057 67,392 | 17.5 26,649 7,614 | 38,220 47,290 12,488
7/10 622 2.4 12.9 15.3| + 10,748 74,981 | 15.3 22,301 13,099 | 27,380 53,485 8,397
7/17 657 2.3 12.2 14.5 + 3,903 56,202 | 20.5 17,853 14581 | 17,670 29,204 12,417
7124 618 2.4 12.9 153 | + 13,683 51,546 | 22.3 15,331 9,711 | 30,310 32,825 9,010
7/31 599 2.5 134 15.9 + 4,528 48,374 | 23.8 13,727 7,957 | 27,280 29,419 10,998
8/07 577 2.6 13.9 16.5 + 623 45,603 | 46.7 12,346 4,674 1,720 32,516 8,413
8/14 583 2.6 13.7 16.3 + 2,833 61,912 | 344 17,080 17,000 | 17,430 35,782 9,130
8/21 626 2.4 12.8 15.2 2,366 44,625 | 47.7 13,398 11,865 | 26,070 22,619 10,141
8/28 634 2.4 12.6 15.0 1,027 39,787 | 53.5 12,172 18,487 | 28,120 7,606 13,694
9/11 610 25 13.1 15.6 988 50,763 | 28.0 14,817 13,143 | 19,030 | 30,044 7,576
9/18 792 19 10.1 12.0 0 61,672 | 23.0 16,252
23,865 45,805 | 47,370 -385

9/25 1,143 13 7.0 8.3 6,789 64,195 | 22.1 33,246 | 38,885 | 42,940 -1,230 | 26,540
10/02 785 19 10.2 12.1 4,663 68,010 | 34.6 26,072 34,717 | 32,950 16,337 16,956
10/16 1,279 1.2 6.3 7.5 6,907 58,724 | 40.0 32,481 67,754 0| -29,750 20,720
10/23 2,068 0.7 3.9 4.6 15,634 67,052 | 35.0 46,473 68,008 0| -31,107 30,151
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Table6
Explanation of the Origin of the Columnsin Tables3,4and 5

Column Heading

Explanation

Flow (cfs) UVM flow (measured or estimated) of SIR through DWSC

Travel Time (Mossdale | Estimated Travel Time from Mossdale to Channel Pt. for the flow indicated based on Figure 6

to Channel Pt)

Travel Time (Channel Estimated Travel Time from Channel Pt. to Turner Cut (i.e., 7 miles of the DWSC) for the flow indicated
Pt to Turner Cut) based on Figure 7

Travel Time (Mossdale
to Turner Cut)

Sum of Travel Time (Mossdale to Channel Pt) + Travel Time (Channel Pt to Turner Cut) for the flow
indicated

DO Deficit at Mossdale

Amount of DO deficit below water saturation measured at M ossdal e on the dates sampled

Loads (Mossdae + Sum of the BOD,, estimated at Mossdale for the date indicated + Average daily BOD,, contributed by the

City) City for that month

% City Percent of the “Mossdale + City” BOD,, loads contributed by the City

Turner Cut (Calc.) Estimated residual BOD,, load at Turner Cut, based on the “Mossdale + City” BOD,, loads x the exponential
decay of the BOD, loads: BOD; = BOD, x €*', where BOD; = BOD ultimate at time t, BOD, = BOD
ultimate, k = BOD rate constant = 0.094/day, t= time of measurement, which is the estimated travel time
from Mossdale to Turner Cut

R7 (Meas.) BOD, load measured at Turner Cut on the date sampled. Thisistheresidual load, which is equal to the load
that will be exported from the DWSC.

DO Deficit at R7 DO deficit below saturation measured at Turner Cut on the date sampled. This is the DO deficit below

saturation that will be exported from the DWSC at Turner Cut.

Sum of Deficits Below
WQO

Sum of the masses of DO deficits below the WQO applicable to the date sampled (5 or 6 mg/L), for each
segment of the DWSC between Channel Pt and Turner Cut, which equals the sum for all segments of the
(volume of the segment times its DO deficit below WQO) on the date sampled.

Oxygen Demand
Exerted in DWSC

Total “Mossdale + City” BOD,, loads to the DWSC minus the R7 (Meas.) plus the DO Deficit at R7. This
column represents the amount of BOD,, |oad added to the DWSC from upstream sources, minus (the oxygen
demand BOD,, exported from the DWSC plus the oxygen deficit exported from the DWSC at Turner Cut).
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The factor of 3 in equation (2) was used to convert the BODs to an estimated BOD ultimate
(BODy). This factor is based on the results of Litton (2003) and Lehman (2002), who reported
that nitrification-inhibited BODs measurements showed that 40 to 60 percent of the BODs was
due to carbonaceous BOD, with the remainder due to nitrogenous BOD. A 50-percent split
between the two forms of BOD was used in these calculations. Based on samples taken from the
SIR and the DWSC, Litton (2003) concluded that the CBODs should be multiplied by 2.5 to
convert to CBOD,,, and the NBODs should be multiplied by 3.5 to convert to NBOD,. With a
50-50 split between CBOD and NBOD, multiplying the measured BODs by 3 yields an estimate
of the sum of the CBOD, and NBOD,,. The factor of 5.4 converts al the unitsto Ib/day.

During the study period (August, September and October 1999, and June through October 2000
and 2001), 43 sampling runs were made by the City, in which measurements were made of a
variety of parameters at about a dozen locations in the DWSC and the SIR upstream of the
DWSC. The data have been presented by the city of Stockton (Jones & Stokes, 2000, 2001,
2002). A summary of selected parts of these data is presented in Appendix F. The average
BODs measured by the City at Mossdale during the summer and fall, from August 1999 through
October 2001, was 3.7 mg/L. The range was from 1.3 to 7.0 mg/L, with values less than about 2
mg/L occurring in October. The average sum of the chlorophyll a plus pheophytin a was about
64 pg/L during the three summer/fall periods. Again, the low values occurred in October. Based
on the data presented in Appendix E, a BODs value of 5 mg/L corresponds to a measured value
of about 100 pg/L of chlorophyll a plus pheophytin a. As discussed above, the primary source
of BOD at Mossdale was algae that developed in the SIR upstream of this location.

Examination of Tables 3, 4 and 5 shows that the average flow of the SIR through the DWSC
during the summer/fall 1999, 2000 and 2001 was about 930 cfs. The flows ranged from alow of
395 to ahigh of 2,416 cfs. Many of the values are in the range of 600 to 1,200 cfs. The average
flow of 930 cfsyields an average travel time between Channel Point and Turner Cut of 8.6 days.

The city of Stockton oxygen demand loads are based on measured concentrations of CBODs
using a nitrification-inhibited BODs measurement, times 2.5 to calculate the CBOD,, plus the
ammonia plus organic nitrogen concentration measured in the effluent times 4.57 (to convert
ammonia nitrogen concentrations to NBOD,). The concentrations of CBOD,, plus NBOD, were
multiplied by the City’s effluent flow and 5.4 to calculate the total BOD,, load contributed by the
City’s wastewater discharges to the SIR just upstream of where the SIR enters the DWSC at
Channel Point. The City’s average effluent flow to the SIJR during the summer and fall 1999,
2000 and 2001 was 42 cfs. The average for the summer/fall CBODs during the study period was
5.3 mg/L. The average effluent NH3 was 12 mg/L N with a monthly average range of about 3 to
25 mg/L N. The average organic N was 3.2 mg/L with a monthly average range of 1.7 to 4.5
mg/L N. The monthly average planktonic algal chlorophyll a in the City’s wastewater effluent
was 23 pg/L with a monthly average range of 5 to 41 pg/L during the summer/fall of the three-
year study period.

The nitrification-uninhibited BODs of the City’s effluent was 7 mg/L. However, it was found in
this review that the BODs value is not a reliable indication of the BOD, since it did not properly
account for the NBOD in the sample. Brown (pers. comm., 2002) suggested that this value is
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low since there may not be sufficient assimilatable organic carbon in the BOD bottle to enable
the nitrifying bacteria to oxidize the ammoniain the sample.

The sum of the Mossdale average monthly oxygen demand load plus the city of Stockton
average monthly oxygen demand load is presented in Tables 3, 4 and 5, asthe “Mossdale + City”
column. The average load over the three summer/fall periods is 86,000 Ib/day, with the City’s
contribution to this load averaging about 25 percent of the total load. During the study period,
the City’s percent contribution to the total load of BOD, to the DWSC ranged from about 5
percent to about 54 percent. The City’s CBOD, + NBOD,, |oads ranged from about 3,000 |b/day
to 30,000 Ib/day during the summer/fall months. During the winter/spring, the City’s
contribution of CBOD,, + NBOD,, loads can be as much as 37,000 Ib/day. Normally, but not
aways, the SIR flow through the DWSC during the late winter and spring is considerably
elevated compared to the summer/fall. The organic nitrogen NBOD, loads during the
summer/fall ranged from about 2,000 to amost 5,000 Ib/day. The remainder of the NBOD, load
is due to ammonia.

Lehman (2002) has concluded that the city of Stockton’s ammonia discharges are likely a major
cause of DO depletion in the DWSC. According to Lehman (pers. comm., 2002), oxygen
demand in the DWSC was primarily caused by nitrogenous BOD (NBOD) that reached up to 85
percent of the oxygen demand in the DWSC at Rough and Ready Island in 2000 and 2001.
Lehman (2002) further reported that the total and nitrogenous BOD in the DWSC was associated
with ammonia concentrations that varied directly with ammonia discharged from the Stockton
wastewater treatment plant in both 2000 and 2001.

The CVRWQCB (2002a) has adopted a revised NPDES wastewater discharge permit for the city
of Stockton that limits the monthly average ammonia concentration in the effluent to 2 mg/L for
aguatic life toxicity reasons. The permit has been appealed to the State Board by the city of
Stockton. If the permit is upheld, then the oxygen demand load reduction would result in up to a
20,000 Ib/day BOD, reduction during the time that the city of Stockton’s wastewaters contain 20
or more mg/L ammonia N. This reduction will be most significant during the fall months, when
the City’s effluent tends to contain on the order of 20 mg/L ammonia N, and when the SIR
DWSC flow is reduced to a few hundred cfs during October/November when the upstream algal
load of BOD, is reduced. The city of Stockton’s revised NPDES permit is not based on the
potential for ammonia discharged by the City to be an oxygen demand sourcein the DWSC. Itis
based on the CVRWQCB's findings that the City’s wastewater discharges of ammonia at times
could be in excess of the US EPA (1999a) revised water quality criteria for ammonia. In 1999
the US EPA revised its ammonia criteria to reflect new information that indicated that ammonia
is not as toxic to fish as originaly thought. The US EPA is now alowing a longer-term
(monthly) ammonia concentration averaging period in implementing the water quality criteria
than has been used in the past.

Examination of Tables 3, 4 and 5 for the total load (Mossdale + City) shows that this load, at
times, especialy under elevated SIR flows through the DWSC, can be as much as 150,000
Ib/day BOD,. For example, on October 24, 2000, with an SIR DWSC flow of 2,416 cfs, the total
estimated load was 153,800 |b/day BOD,. It is of interest that a 1 mg/L difference in BODs
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measured at Mossdale trandates to about 16,200 Ib/day of BOD, a a flow of 1,000 cfs.
Therefore, small changes in the measured BOD at Mossdale can cause substantial changes in the
measured oxygen demand load (BOD,)) added to the DWSC at Channel Point.

Mossdale could be exerted in the SIR between Mossdale and Channel Point. Tables 3, 4 and 5
present the estimated travel times between these two points as a function of the flows that were
measured during the study period based on the relationships presented in Figures 6 and 7.
Typicaly, thereisa 1- to 2.5-day travel time between Mossdale and Channel Point, provided that
the UVM flows are above about 600 cfs. With SIR DWSC flows on the order of about 400 cfs,
there is about a 4-day travel time between Mossdale and Channel Point. Several investigators
(Lehman, 2002; Litton, 2003; Van Nieuwenhuyse, 2002) have indicated that the algae present at
Vernalis appear to be healthy; however, when they enter the tidal reach of the SIJR, which occurs
between Vernalis and Mossdale, they become distressed and start to die. It appears, therefore,
that a several-day travel time between Mossdale and Channel Point is sufficient time for some of
the BOD measured at Mossdale to be exerted by the time it reaches Channel Point. This would
be particularly important under UVM SIR DWSC flows less than about 500 cfs.

An attempt was made to examine the changes in BODs between Mossdale and Channel Point by
comparing the BODs measured at Mossdale to the BODs measured at Channel Point (R3) (see
Appendix F). The average BODs at Mossdale over the study period was 3.7 mg/L. The average
BODs at Channel Point was 3.6 mg/L, with a range from 1.4 to 9.5 mg/L. While individual
sampling runs show increases or decreases between the two locations, on the average, there is no
change in the BODs between Mossdale and Channel Point. It appears that, while some of the
BOD present at Mossdale is exerted in the SIR by Channel Point, the amount exerted is
compensated for by the additional BOD load added by the City just upstream of Channel Point.
Also, there would be some algal growth in the SIR between Mossdale and Channel Point, which
would add BOD to the SJR at Channel Point.

A comparison between the dissolved oxygen concentrations found at Mossdale and saturation
values for the measured temperature shows that, frequently, the waters at Mossdale are
supersaturated with respect to DO by, at times, as much as 4 mg/L. Occasionaly, DO may be
undersaturated by 0.5 to 1 mg/L. However, at Channel Point, the summer/fall average DO
during the study period was 5.8 mg/L, which, on the average, was about 2.7 mg/L under
saturation. While the City’s effluent, which enters the SIR just upstream of Channel Point, is
usually undersaturated with respect to DO by about 0.5 to 1.7 mg/L, the City’s effluent flow of
about 40 to 50 cfs is such that the effluent undersaturation does not affect the DO saturation of
the SIR with SIR DWSC flows of about 200 or more cfs. Litton (pers. comm., 2002) has
reported that the DO in the SIR near where the city of Stockton discharges its wastewater
effluent is typically at saturation. Since this location is about two miles upstream of Channel
Point, it does not appear that the DO concentrations several mg/L below saturation normally
found at Channel Point are due to BOD exertion in the SIR upstream of the DWSC. Litton has
indicated he believes that the average 2.7 mg/L DO undersaturation at Channel Point during the
summer/fall study period is due to mixing of low-DO water within the DWSC with the SIR
water.
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Tables 3, 4 and 5 present (in the column labeled “Sum of Deficits Below WQQO”) the amount of
oxygen in pounds that would need to be added to the DWSC to eliminate violations of the water
quality objective at various locations in the DWSC between Channel Point and Turner Cut.
These values are based on the City’ s mid-depth measurements of dissolved oxygen at each of the
sampling stations (R3 to R7). This DO was compared to the water quality objective (5 or 6
mg/L, depending on the month). Based on the information provided by Brown (2002a) on the
volume of the DWSC associated with each sampling station segment and the measured DO
concentrations relative to the WQO, the total magnitude of the oxygen demand deficit was
computed. The oxygen demand deficits for the segments were summed, and the values entered
into Tables 3, 4 and 5 for the dates of the individual sampling runs. Examination of these tables
shows that, while there were a number of sampling runs made in 2000 where there were no
deficits below the WQO, in 1999 over 78,000 Ib of oxygen would be needed to satisfy the WQO
deficit that occurred on October 19. Similarly, on September 18, 2001, approximately 47,000 Ib
of oxygen would be needed to satisfy the DO deficit below the water quality objective. The
overall average WQO deficit for the three-year study period was 20,000 |b.

The average DWSC DO deficit below saturation for 1999 was 3.7 mg/L. In 2000 it was 2.7
mg/L, and in 2001, 3.2 mg/L. With a DWSC volume on the order of 15,000 ac-ft and a 3 mg/L
deficit below water saturation, 120,000 Ib of DO deficit frequently exists in the DWSC during
the summer/fall months. Since the water at Mossdale is saturated with respect to DO, a
considerable part of the oxygen demand associated with the Mossdale + City’s load is exerted in
reducing the DWSC DO concentrations to or below the water quality objective.

Tables 3, 4 and 5, column “DO Deficit at R7,” presents the DO deficit from saturation exported
load measured at Turner Cut. The “DO Deficit at R7” column is the amount of DO deficit that is
being exported to the Central Delta by the Sacramento River cross-SJIR DWSC flow caused by
the State and Federal Projects pumping to Central and Southern California. This deficit also
represents oxygen that was used in the DWSC to satisfy BOD that was not compensated for by
atmospheric surface aeration and algal photosynthesis. The average DO deficit exported from
the DWSC at Turner Cut was about 16,000 Ib/day with a range of about 5,000 to 38,000 Ib/day.
As discussed above, the atmospheric oxygen reaeration, with a4 mg/L deficit from saturation, is
about 4,500 Ib/day.

Examination of Table 3, which presents the deficits for 1999, shows that the average DO deficit
below the water quality objective in the DWSC during August through October was 46,000 Ib.
Table 4 shows that the average deficit, for those sampling runs where there was a deficit below
the water quality objective, was about 8,000 Ib during 2000. Table 5 shows that, during 2001,
the average deficit, for those sampling runs were there was a deficit below the water quality
objective, was 22,000 Ib. The magnitude and location of these deficits within the DWSC is
shown previously in Figure 9 (Hayes cruise data). Examination of this figure shows that 1999
had much greater deficits in terms of magnitude and extent than were found in 2000 and 2001.
The Figure 9 data was based on the Hayes cruises, while Tables 3, 4 and 5 were based on the
data collected by the city of Stockton.
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The column labeled “R7 BOD,, loads (Meas.)” is the amount of BOD,, exported form the DWSC
at Turner Cut. The average BOD,, export for the study period was about 34,400 Ib/day. Thisis
the BOD, load that enters the Central Delta via Columbia Cut and Turner Cut. The sum of the
R7 BOD, export and the R7 DO deficit (average 16,000 + 34,400 |b/day) is the total oxygen
demand load to the Central Delta. At times, in excess of 157,000 |b/day of oxygen deficit below
saturation is exported into the Central Delta. As discussed by Lee and Jones-L ee (2000a) there is
no information on DO depletion problems in the Central Delta in Columbia Cut, Turner Cut or
Middle River below where these two channels mix with Middle River (see Figures 1 and 2).

The column presented in Tables 3, 4 and 5 labeled “ Oxygen Demand Exerted in DWSC” is an
assessment of the difference between the BOD,, added to the DWSC (Mossdale + City), minus
the sum of the DO deficit from saturation at R7 and the oxygen demand exported from the
DWSC (“R7 (Meas.)” column). The negative values shown in the “Oxygen Demand Exerted in
DWSC” column represent a net production of oxygen demand in the DWSC compared to the
Mossdale + City load. For 1999 the excess oxygen demand present at R7 (Turner Cut),
compared to the load, represented as much as 50,000 Ib/day. Typically in 1999, there was more
oxygen demand plus DO deficit exported from the DWSC than added to it from upstream loads.
Some of this difference could be related to the sampling frequency and the fact that there is often
a one- to two-week lag between a measured Mossdale plus City load and when the residual load
reaches R7. Probably the greatest cause of the differences relates to the approach used for
calculations of loads, and potential problems in reliably measuring the BOD of algae and the
nitrification reactions.

Examination of the data for 2000 and 2001 (Tables 4 and 5) shows that for positive values there
was a reduction in the oxygen demand loads present at R7, compared to the load derived from
the City and present in the SIR at Mossdale, that ranged from about 5,000 to about 107,000
Ib/day. There were no negative values (net oxygen demand production in the DWSC) in the
“Oxygen Demand Exerted in DWSC” column for 2000 (Table 4), and the negative values in this
column for 2001 (Table 5) were in late September and October. The October data for all three
years are different from the summer data. This may be related to the decrease in algal load in the
SJR at Mossdale and the increase in the City’ s ammonia discharges.

Brown, on behalf of the city of Stockton (Jones & Stokes, 2000, 2001, 2002) has examined the
ratio of the city of Stockton measured concentrations of electrical conductivity, chloride, BOD,
ammonia, organic nitrogen, chlorophyll a, pheophytin a and several other constituents present at
R3 (Channel Point) and R7 (just upstream of Turner Cut). In the three years, as expected, the
ratios of the average concentration of electrical conductivity and chloride at R3 and R7 were 1.0.
This indicates that these constituents were conservative in the passage through the DWSC and
that there were no major additions or dilutions between R3 and R7.

In 1999 the overall average BODs ratio showed no change between the two locations, while in
2000 and 2001 the overall average BODs at R7 was 0.53 and 0.6 times the overall average BODs
at R3, respectively. Based on the information presented in Appendix F, the overall ratio of
BOD, at Turner Cut to BOD, at Channel Point over the three years of study was 0.68. 1n 1999
the ammonia R7 to R3 ratio was 0.4, while in 2001 it was 0.3. The overall average Kjeldahl
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nitrogen ratio in 1999 was 0.6, and in 2001, was 0.7. The concentrations of ammonia and
Kjeldahl nitrogen in the DWSC during 2000 (which was a high-flow year) were less than the
detection limit used by the City.

In 1999 the R7 to R3 overall average ratio for chlorophyll a and pheophytin a was 0.8 and 0.6,
respectively, while in 2000 it was 0.6 and 0.4, respectively. In 2001, it was 0.85 and 0.45,
respectively. These results show that, in general, the concentrations of oxygen-demanding
constituents (BOD, ammonia/organic nitrogen and chlorophyll a/pheophytin a) decreased down
the DWSC. However, there were times where, on an individual day, the concentrations of BOD
and planktonic algae increased between R3 and R7. This would indicate that during certain
times there was an apparent increase in the concentration of algae down the DWSC.

The “Turner Cut (Calc)” column is the calculated residual oxygen demand that should be present
at R7, assuming that the total BOD, load decays in accord with Litton’s (2003) first-order rate
constant of 0.094 per day. This BOD, decay relationship is shown in equation (3).

L,=BOD, x & ©)

Where
L =BOD ultimate at timet in mg/L
BOD, = BOD ultimate in mg/L
k = BOD rate constant = 0.094/day
t = time of measurement in days

Based on the total BOD, (Mossdale + City) added to the DWSC and the travel time from
Channel Point to Turner Cut for the City’s sampling run, the “Turner Cut (Calc)” is developed.
This column is an estimate of the BOD,, that would be expected to be present at Turner Cut if the
only factor influencing BOD removal was its decay in accord with the first-order relationship
that typically describes BOD exertion. A comparison of this column with the “R7 Meas.”
column shows that sometimes there is more BOD, measured at Turner Cut than would be
expected. The three-year average Turner Cut calculated is about 29,000 Ib/day with a range of
7,000 to 113,000 Ib/day, while the three-year average measured BOD, at Turner Cut was 34,400,
with a range of 5,000 to 154,000. This positive difference could be due to algal growth in the
DWSC. Negative R7 measured values compared to the calculated values could reflect the loss of
algae and detritus that is removed by settling in the Channel. There is no apparent pattern in the
data as to the cause of the excess or negative differences.

Brown, on behalf of the city of Stockton (Jones & Stokes, 2000, 2001, 2002) has examined the
overall vertical gradient ratios of constituents in the DWSC during the three years of study. In
general, the overall average vertical gradient ratios for most dissolved constituents between the
surface and near-bottom waters during the summer/fall over the three years was about 1.0,
indicating that, overal, most of the time, the concentrations of temperature, pH, BOD,
phosphorus, electrical conductivity, nitrate and chloride in the surface waters are similar to those
near the bottom. This means that, with respect to these parameters, the DWSC at any station
along the DWSC is vertically well-mixed.
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There were, however, some important differences between the surface and bottom, especially
with respect to particulate constituents such as total suspended solids (TSS), volatile suspended
solids (VSS), turbidity, chlorophyll a and pheophytin a. The near-bottom waters tended to have
higher concentrations of particulates. Thisisin accord with Litton’s (2003) finding that the tidal
currents in the DWSC are sufficient to suspend sediments into the near-bottom waters. Brown
also reported that the DO near the bottom was almost always less than that at the surface, by as
much as 0.5 to several mg/L. This is apparently due to the algal photosynthetic production of
oxygen in the near-surface waters and the suspended sediment oxygen demand in the near-
bottom waters.

While there is not a permanent density (temperature) difference between surface and bottom
waters, it appears that there may not be sufficient vertical mixing in the DWSC to fully mix the
water column each day. Evidently, the tidal currents do not induce full vertical mixing in the
DWSC. Examination of the RRI daily temperature data for 2000 and 2001 and 2002 (not
presented in this report, available from http://cdec.water.ca.gov/cgi-progs/queryF?s=rri& d=

nowé& span=12hours) shows that, typically, there is a 1 to as much as 4 °F diel temperature
change in the near-surface waters of the DWSC. The highest temperatures are recorded about
4:00 pm, with the lowest temperatures occurring in early morning. This situation reflects a
surface water warming that leads to a temporary stratification of the water column, with the
cooling that occurs in late afternoon/evening associated with mixing of the water column and
loss of heat through the surface to the atmosphere.

Mass Balance Evaluation. Figure 16 presents a diagram of the three-year summer/fall average
loads of oxygen demand at Mossdale plus the City’ s oxygen demand wastewater |oads, export of
oxygen demand from the DWSC at Turner Cut and the magnitude of oxygen deficit below the
water quality objective within the DWSC between Channel Point and Turner Cut. This diagram
is based on the average of 43 city of Stockton sampling runs during August-October 1999 and
June-October 2000 and 2001. This figure shows that on the average during the summer and fall
the oxygen demand (BOD,) load at Mossdale added to the DWSC is on the order of 67,000
Ib/day. The city of Stockton on average adds about 17,000 |b/day of BOD,. The upper end of
Litton's measurements of sediment oxygen demand was about 2,000 Ib/day, for a total average
oxygen demand load of about 86,000 Ib/day BOD,,.

One of the sources of oxygen demand to the DWSC that has not been adequately characterized is
discharges from local sloughs (tidal drainage ways) that are connected to the SIR downstream of
Mossdale or directly to the DWSC and the Turning Basin from the city of Stockton. In June
2001, members of the TAC, as part of the Quinn/Tulloch agricultural diversion/discharge
studies, toured French Camp Slough by boat and visually observed that the waters in the Slough
contained high planktonic algal chlorophyll a in the surface water, and the mid-bottom to bottom
waters had low DO, indicating that there was considerable biological activity occurring in French
Camp Slough. Since French Camp Slough is tidal, there is some exchange between French
Camp Slough and the mainstem of the SJR on each tidal cycle. Asaresult, additional algal loads
could be added to the SJR that are developed within French Camp Slough. Further, low-DO
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waters from French Camp Slough could be mixed into the waters of the SIR, contributing to an
oxygen deficit.

As discussed by Lee and Jones-L ee (2000a), based on the limited data collected by King (2000),
French Camp Slough is a potentially significant source of oxygen demand when the SIR flow
through the DWSC is a few hundred cfs. The oxygen demand in French Camp Slough could
arise from upstream French Camp Slough sources of agricultural runoff and wastewater
discharges from dairies, as well as algal growth within the Slough. During October 1999, based
on limited data, it was estimated that French Camp Slough was adding about 1,700 Ib/day of
BOD, to the SIR downstream of Mossdale.

The city of Stockton has a number of tidal sloughs that connect directly to the SJIR, the Port of
Stockton Turning Basin or the DWSC. These include Mosher Slough, Five-Mile Slough, Smith
Canal, Calaveras River, Walker Slough and Mormon Slough. Generally, water quality in these
sloughs is poor during the summer, where low DO concentrations exist at mid-depth and near the
bottom. Further, there can be appreciable agal concentrations in the surface waters. There is
tidal exchange of waters between these sloughs and the SIR/IDWSC. The tidal exchange could
bring some additional oxygen demand load into the SIR and DWSC from these sloughs.
However, based on the limited net flow, it is expected to be of minor significance. The amount
of oxygen demand loads from these tidal sloughs has not been quantitatively evaluated. A
subsequent section discusses the potential significance of city of Stockton stormwater runoff-
associated oxygen demand on DO in these tidal sloughs and its potential impact on the DO
resources of the DWSC.

Another source of oxygen demand materials (algae) is the Port of Stockton Turning Basin and
the waters between the Turning Basin and McLeod Lake (see Figure 3). The channel between
the Turning Basin and McLeod Lake develops large populations of algae, which, through tidal
action, are to some extent transported into the DWSC and thereby mixed with SIR DWSC water.
Further, studies on the Turning Basin have shown that it tends to have higher concentrations of
algae and lower concentrations of DO in the bottom waters than at Channel Point in the DWSC.
At this time, the impact of the Turning Basin and the upstream channel to McLeod Lake on
DWSC water quality has not been quantified.

Atmospheric reaeration adds about 4,500 Ib/day and the Corps of Engineers mechanical aerator
at Channel Point has a potential of adding about 2,000 Ib/day of dissolved oxygen to the DWSC
waters. This aerator is only operated some of the time when there is a DO deficit in the DWSC
during the late summer and fall. It is not operated during the early to mid-summer. Further,
Brown (2003) reported that the COE aerator operates at less than its design capability.

The algae that develop in the DWSC represent a potential oxygen demand that is compensated
for by the oxygen they produce in photosynthesis. However, as discussed above, there likely isa
separation of the photosynthetically produced oxygen and the DWSC-produced algal oxygen
demand as a result of the algae and detritus derived from the algae settling and adding to the
near-bottom oxygen demand. The photosynthetically produced oxygen remains in the water
column, reducing the magnitude of water column oxygen deficit.
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Assuming that surface reaeration adds 4,500 Ib/day of DO to the DWSC and assuming that the
COE aerator is not operating, it is estimated that the total oxygen demand sinks are about 70,900
Ib/day. This value is compared to the oxygen demand load of 86,000 Ib/day. There is about a
15,100 Ib/day difference. This difference is well within the reliability of oxygen demand
measurements at Mossdale, in the City wastewater discharges and the measurements made at R7
near Turner Cut. At the average flow of the SIR DWSC of 930 cfs, a one mg/L error in BODs
measurement translates to about 15,000 Ib/day BOD,. Considering all the approximations and
assumptions used to make these estimates there is remarkable agreement (e.g., within about 25
percent) between the three-year summer/fall average loads and sources/sinks of DO in the
DWSC.

Figure 16 shows a potential loss of oxygen demand from the SIR between Mossdale and
Channel Point, due to agricultural diversions of irrigation water. According to Quinn/Tulloch
(2002) it is estimated that the maximum diversions during the May through August irrigation
season would be about 500 cfs. Again, these diversions are likely to be the most significant
during the times when the SIR DWSC flow is a few hundred cfs or less, which would occur
during periods of drought and/or when essentially all of the SIR flow at Vernalisis diverted into
Old River for export to Central and Southern California.

Table 7 summarizes the oxygen demand, sinks/exports of oxygen demand and oxygen deficit for
the DWSC.

Table7
Aver age M ass Balance of Oxygen Demand L oads and Sinks

Oxygen Demand L oads Ib/day

BOD, Load in the SIR at Mossdale 67,000

BOD, Load — City of Stockton 17,000

Oxygen Demand Exerted by Bedded Sediments 2,000

Tota 86,000
Oxygen Demand Sinks and DO Sour ces Ib/day

Atmospheric Reaeration 4,500

COE Mechanical Aeration (potential) 2,000

BOD, Exported at Turner Cut 34,400

DO Deficit Exported at Turner Cut 16,000

DWSC O, Deficit Below Saturation 14,000

Total 70,900
Mass Balance Difference 15,100 Ib/day

On the average about 50,400 Ib/day of BOD, and oxygen deficit below saturation are exported
from the DWSC at Turner Cut. The total average oxygen deficit from the applicable WQO is
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about 20,000 Ib which, when divided by the average travel time between Channel Point and
Turner Cut of 8.6 days based on an average SIR DWSC flow of 930 cfs, trandlates to an average
2,300 Ib/day oxygen deficit. Thisis an estimate of the average amount of aeration that is needed
to eliminate the DO deficit below the current water quality objective. The total oxygen deficit
during the summer and fall for all three years below saturation is about 120,000 |b or 14,000
Ib/day.

Examination of the data presented in Tables 3, 4 and 5 shows that in 1999 there were several
days where on the order of 75,000 Ib of oxygen deficit occurred in the DWSC. In 2001, there
were several days where there was on the order of 50,000 Ib of oxygen deficit. Dividing the
deficit found by the hydraulic travel time for the sampling run shows that the greatest deficits
found during the three years of study would require the addition of about 6,000 Ib/day of DO to
eliminate violations of the WQO. The actual amount of aeration that will be needed will be
greater than the projected amount in order to cover the inefficiency of various types of aerators.

The CVRWQCB staff (Gowdy and Foe, 2002) have proposed that, during the initial phase of
TMDL implementation, the water quality target for DO concentration for the daily minimum
seven-day running average be set at 5 mg/L with no value less than 3 mg/L. This target will
require less aeration than that projected in the above calculations since this interim target would
allow deviations from the current water quality objective of 6 mg/L during the period September
1 through November 30. With a DWSC volume of 18.3 x 10° liters (15,400 ac-ft), 1 mg/L of DO
deficit represents about 40,000 Ib of oxygen demand. Decreasing the WQO from 6 to 5 mg/L
during September, October and November will decrease the deficit below the WQO during the
initial implementation phase of the TMDL by about 40,000 Ib/day. Examination of the “Sum of
Deficit Below WQQO” column in Tables 3, 4 and 5 shows that during 1999, using the 5 mg/L
WQO rather than the 6 mg/L WQO applicable during September through November, two of the
nine city sampling runs (on 9/7 and 9/21) would not have shown aviolation of the WQO.

Following the same approach for fall 2000 shows that there would have been no WQO violations
during this period. However, there were several WQO violations of up to about 11,000 Ib during
the summer months when the WQO was 5 mg/L. During 2001 al but two of the WQO
violations during September and October would have disappeared if the interim proposed 5 mg/L
DO objective were used rather than the 6 mg/L value. There were WQO violations in the
summer that would have to be addressed by aeration/oxygen demand load control. This anaysis
does not consider the proposed daily minimum seven-day running average allowed violation of
the 5 mg/L interim DO WQO so long as the DO does not decrease below 3.0 mg/L. Considering
the running daily minimum seven-day average approach would further reduce the number of
WQO violations during the summer and fall.

Overall, based on box model calculations, it appears that on the average, supplemental aeration
on the order of several thousand Ib/day of oxygen added to the DWSC would be adequate to
satisfy the oxygen demand that exists in the DWSC to meet the proposed interim target WQO.
There are situations where much larger amounts of DO will be needed to prevent DO depletion
below the proposed interim DO WQO and the current CVRWQCB WQO.
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Need for Further Data Evaluation. The relationship between SIR DWSC flow, oxygen demand
load and DO depletion in the Deep Water Ship Channel, in the flow range of 600 to 1,500 cfs, is
not obvious. However, as shown in Figure 9, when the SIR DWSC flow is above about 2,000
cfs the DO depletion problems are essentially eliminated, and it is likely that aeration would not
be necessary to meet the WQO during these higher flows. The week-to-week variation is
sufficiently complex so that an adaptive management approach will have to be used to learn how
to best aerate the DWSC to meet the WQO. Pilot aeration studies will need to be conducted for
several years to determine how best to aerate the DWSC in the most cost-effective manner. This
issue is discussed further below.

Further analysis of the existing database for the SIR and its tributaries is needed as time and
funds permit. The additional data review should include an examination of the estimates of
oxygen deficit in the DWSC based on the DWR Hayes cruises. These cruises provide
information on DO depletion below the water quality objective and saturation for surface and
bottom waters at several locations in the DWSC since 1983. In addition, detailed review of the
city of Stockton data is needed to examine on a sampling-run-by-sampling-run basis the internal
consistency of the measured concentrations of BOD, ammonia and chlorophyll a from Mossdale
to Turner Cut. This examination will help to determine if there are any spurious data points at
Mossdale or Turner Cut which cause the results of the box model calculations for a particular
sampling run location to be out of line from other runs and what would be expected. Particular
attention should be given to the changes in chlorophyll a down the DWSC which would explain
the high BOD,, load being exported from the DWSC at certain times.

One of the issues that needs to be addressed in more detail is the influence of Mossdale to
Channel Point travel time as a function of DWSC flow to determine if the variability in response
isrelated to the lag time between when oxygen demand loads are assessed at M ossdale and when
the responses to these loads occur at Turner Cut. There is need to consider load-response
relationships in the DWSC from a Lagrangian transport of oxygen demand loads through the SIR
upstream of the DWSC and within the DWSC perspective. Under low flow conditions there can
be as much astwo weeks' difference between when atotal oxygen demand load to the DWSC, as
calculated at Mossdale, isfully expressed in DO depletion, residual oxygen demand load and DO
deficit export at Turner Cut. If there are significant changes in flow during this period then these
would reflect a change in travel time which could cause deviations in the oxygen demand load
DO depletion response relationship found for a particular city of Stockton sampling run.

A critical evaluation needs to be made as to whether, under low SIR DWSC flow conditions of
less than about 600 cfs, the City’s wastewater discharge pattern, where no discharges occur on
weekends and where elevated discharges occur during the early part of the following week, is
responsible for some of the variability in the oxygen demand-load response relationships that
have been found in the data that have been collected over the past three years. The issue of
concern is whether the sampling locations near Turner Cut represent water that originaly has
reduced City oxygen demand load because it was originally discharged to the SIR on a weekend,
or whether it has an elevated load compared to the rest of the week because it was discharged
during an elevated City discharge period. While there is expected considerable tidally-induced
longitudinal mixing within the DWSC, it is not clear that the longitudinal mixing that occurs is
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sufficient to eliminate the influence of the variable discharge pattern that occurs in the City’s
wastewater effluent, on the data collected at various |ocations along the DWSC.

A similar issue relates to the variability of the planktonic algal loads at Mossdale compared to
the average loads used to examine load-response relationships in the box model calculations.
Lehman (2002) has reported, based on continuous monitoring of planktonic algal chlorophyll a
at Mossdale, that the chlorophyll a concentrations at Mossdale are highly variable from day to
day. Since the BOD load at Mossdale is related to the algal 1oad, the week to every two week
average concentrations used in the box model calculations in Tables 3, 4 and 5 do not reflect the
higher frequency variability that is occurring in the BOD load to the DWSC. Thereis need to
better characterize the variability of the BOD loads at SIR Mossdale and, for that matter, the city
of Stockton’s loads to the DWSC on a daily basis and then follow the fate of these loads and
their impacts on DO depletion in the DWSC over the week to two weeks that a particular load
introduced at Mossdale and by the City takesto get to Turner Cut. As part of this pattern thereis
need to understand the role of the tidally-induced longitudinal mixing within the SIR and DWSC
which would tend to smooth out the high-frequency variability in the oxygen demand loads to
the DWSC.

An issue that needs to be examined is whether variable amounts of erosion from the SIR
watershed upstream of Vernalis could lead to variable amounts of algal growth in the SIR due to
increased or decreased light penetration. The highly variable planktonic algal chlorophyll a
reported by Lehman (2002) for the Mossdale sampling station indicates the algal biomass
moving down the SJR is patchy. This patchiness may be related to algal discharge patternsin the
headwaters as well as variable amounts of suspended sediment which influences algal growth in
the SJR tributaries as well as the SIR. The data needs to be examined with respect to whether
there is an inverse relationship between planktonic algal chlorophyll a and inorganic turbidity
found in the samples.

An evauation should be made of the expected decay (nitrification) of ammoniain the DWSC to
Turner Cut based on a first-order rate process for the ammonia present at Channel Point.
Deviations from the expected concentrations may be an indication of the amount of
ammonification of organic nitrogen that is occurring in the DWSC. In addition, there is need to
examine in detail the DWSC vertical profile data collected by the city of Stockton, G. Litton and
P. Lehman. This may help assess the representativeness of surface and bottom water DO
measurements collected by Hayes and the mid-depth DO measurements collected by the city of
Stockton in characterizing the DO deficit at any location and time. A review of the raw data
collected by Lehman needs to be conducted for information that they provide on these issues.
This additional data review may help elucidate why, under certain conditions, there are
significant deviations from the “average’ that has been developed from the three summers of
data collected in 1999, 2000 and 2001.

Review of the 2002 Data. While the CALFED-supported Directed Action project monitoring of
the SIR and the DWSC ended in the fall of 2001, R. Dahlgren from the University of California,
Davis, continued to collect data on the SJR and its tributaries during 2002. The CVRWQCB
provided support so that the water samples collected from the SIR at Mossdale, Vernalis and
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Maze could be analyzed for BOD during the period June 2002 through the present (March 2003).
The Mossdale data are presented in Appendix F, Table F-7 and Figure F-1. These data have
been used to estimate the BOD load at Mossdale that occurred during 2002. Because of the high
variability in the flows of the SJIR into the DWSC during most months, the high, average and low
daily flow were used to compute the estimated BOD,, loads at Mossdale. The average was the
arithmetic average of the daily average UVM flows for the month. The SIR DWSC flow values
were obtained from examination of each month’s daily flows, as reported by C. Ruhl of the
USGSfor the UVM. These data are presented in Table 8.

The city of Stockton is required to monitor its wastewater effluent for oxygen demand
constituents. The data for 2002 are presented in Appendix F, Table F-8. These data have been
used to compute monthly box-model-like calculations for 2002, using the approach described
above. The results of these calculations are presented in Appendix F, Table F-9, and in Table 8
below.

Examination of Table 8 shows that during any month in 2002 the range of total BOD, loads to
the SIR/IDWSC was large. The low-flow values were from 20 to 70 percent of the high-flow
values during the month. Since in many months the flows were highly variable from day to day,
the oxygen demand loads to the DWSC were aso highly variable. This type of data review
shows why examination of the average BOD, loads to the DWSC for the month may not
correlate well with the oxygen depletion during the month. It is evident that the BOD,, load DO
depletion response relationship for the DWSC must be examined on a much shorter timeframe
than monthly, or even biweekly, averages.

Comparing the 2002 BOD,, load at Mossdale plus the City’s BOD,, load to corresponding times
during 2001 and 2000 shows that 2002 had higher oxygen demand loads. Table F-7 presents the
planktonic algal chlorophyll data for 2002 as measured at Mossdale. A comparison between the
planktonic algal chlorophyll plus pheophytin for 2000 and 2001, compared to 2002, shows that
higher planktonic algal chlorophyll concentrations were present in 2002. It should be noted,
however, that the 1999, 2000 and 2001 chlorophyll data presented earlier in this report, made
available by the City, were based on an acetone extraction method (APHA, et al., 1998), while
the Dahlgren data presented for 2002 (Table F-7) were based on an acohol extraction method.
It has been found that the alcohol extraction method yields dlightly greater chlorophyll
concentrations than the acetone extraction method. This difference, however, is not sufficient to
account for the increased chlorophyll found during 2002, compared to previous years.

Table 8 shows that the percent of the total oxygen demand load contributed to the DWSC by the
City ranged in 2002 from about 30 to near 90 percent on days when there was low flow of the
SJR through the DWSC. There was a short period during 2002 when the calculated SIR
ammonia concentration below the City’ s wastewater treatment plant discharge was over 11 mg/L
ammonia N. As discussed below, the extreme low SIR DWSC flows that occurred during 2002
resulted in there being very little SIR water to dilute the City’s effluent ammonia, causing
elevated concentrations of ammoniain the DWSC during the low-flow events when the City was
discharging elevated ammonia.
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Table8

Estimated Oxygen Demand L oads for the DW SC during 2002

Month DWSC Flow (cfs) Mossdale Stockton | Total (Mossdale + City) Per cent City
Total BOD, (Ib/day) Contribution to
BOD, Total BOD,
Low | Ave | High | BODs BOD, (Ib/day) (Ib/day) Low Ave High | Low | Ave | High
(mg/L) | Low Ave High Flow Flow Flow | Flow | Flow | Flow
Flow | Flow | Flow
Jan 2002 | -54 | 1002 | 3953 - - - - - - - - - - -
February | 194 | 387 | 719 - - - - 27,810 - - - - - -
March 305 | 588 | 1060 - - - - 31,723 - - - - - -
April 258 | 616 | 2452 - - - - 9,906 - - - - - -
May 339 | 1558 | 2320 - - - - 8,895 - - - - - -
June 87 | 584 | 896 52 | 11,625 |53,492 | 79,775 8,978 20,603 | 62,470 | 88,753 | 44 14 10
July 193 | 430 | 772 7.2 |29510|57,154 | 97,044 | 10,886 | 40,396 | 68,040 | 107,930 | 27 16 10
August 39 | 353 | 861 7.2 10,730 | 47,356 | 106,609 | 21,042 | 31,772 | 68,398 | 127,651 | 66 31 16
September | 512 | 759 | 1005 | 4.6 |42551|60,957 | 79,289 | 41,704 | 84,255 | 102,661 | 120,993 | 49 41 34
October 978 | 1342|1834 | 4.2 |70,081|94,848 | 128,323 | 41,562 | 111,643 | 136,410 | 169,885 | 37 30 24
November | 85 | 814 | 1737 | 3.2 7,465 | 45,256 | 93,105 | 49,754 | 57,219 | 95,010 | 142,859 | 87 52 35
December | 161 | 462 | 1182 | 3.6 |12,889 |30,443| 72,433 | 48,602 | 61,491 | 79,045 | 121,035| 79 61 40
Jan 2003 94 | 377 | 859 3.6 8,981 | 25,486 | 53596 | 40,875 | 49,856 | 66,361 | 94,471 | 82 62 43

Data not available

BOD, load to DWSC = BODs (Mossdale) * 5.4 * (SIR DWSC Flow + City Flow) * 3
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Table 9 presents information on the percent of the total oxygen demand load to the DWSC that is
due to the city of Stockton wastewater discharges. During 1999 through 2002 the city of
Stockton’s average monthly oxygen demand load to the DWSC ranged from about 6 to 62
percent, with many values in the 15 to 40 percent range. The higher oxygen demand loads were
associated with the periods of time when the City was discharging ammonia at concentrations
from 25 to 30 mg/L N and when the SIR flow through the DWSC was on the order of a few
hundred cfs -- i.e., when the upstream SJR algal associated BOD load was reduced.

The impact of the oxygen demand BOD, load is related to the rate of exertion of the type of load
-- i. e, dgae versus ammonia. While ordinarily the carbonaceous BOD (algae) and nitrification
are modeled with rate constants of about 0.1 per day, if enhanced nitrification occurs, the percent
of the total oxygen demand load (TBOD,) that leads to DO values below the WQO due to the
city of Stockton wastewater ammonia would be greater than that indicated in Table 9. Thisissue
is discussed further below.

From a review of the previous years data it is evident that the DO depletion in the DWSC is
governed not only by the total BOD,, load, but also by the travel time between Channel Point and
Turner Cut — i.e., the period of time over which this load can be exerted prior to its dilution
/export into the Central Delta.

Examination of the SIR DWSC flow data for 2002 (see Appendix B) shows that there were
severa periods, including recently, when the SIR DWSC flow was only a few hundred cfs, with
several occasions with the SIR DWSC flow less than 100 cfs. Asreported in the “Issues’ report,
low flows are associated with low DWSC DO, where the low flows result in longer travel times
from Channel Point to Turner Cut (critical reach) and thereby enable a greater exertion of the
BOD load that is discharged to the DWSC.

In order to examine the impact of SIR DWSC flow on travel times, the monthly travel times
were examined for the 2002 DWSC low flow conditions (see Table 10, “Longest”). The travel
times presented in Table 10 have been computed based on the USGS SIR DWSC (UVM) flows
provided by C. Ruhl of the USGS, and the equations provided by R. Brown, discussed
previoudly. It has been found that for most months in 2002 there was a period when the travel
time from Channel Point to Turner Cut was over 20 days. During some months there were days
when the estimated travel time was over 30 days. According to R. Brown, his equations are
applicable for travel times only up to about 30 days.

Table 10 also presents the Mossdale to Channel Point travel times. There were a number of days
during 2002 when this travel time was in excess of 10 days. The Table 10 “Shortest” travel
times represent the situations associated with the highest SIR DWSC flow that occurred during
the month. Therefore, the range of travel times that occurred during the month is from the
“Shortest” to the “Longest” travel times presented in the table. It is evident that, because of the
extreme variability of flow that occurred in 2002 (and in some months in other years, as shown
in Appendix B), the travel times of the oxygen demand load through the critical reach of the
DWSC are highly variable.
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Table9

Relationship between SIR DWSC Flow, Total BOD, Load to DWSC and
Per cent of Total BOD, Load Contributed by the City of Stockton

1999 2000 2001 2002
DWSC | TBOD, | Percent | DWSC | TBOD, | Percent | DWSC | TBOD, | Percent | DWSC | TBOD, | Percent
Flow | Load City Flow | Load City Flow | Load City Flow | Load City
(cfs) (Ib/day) (cfs) (Ib/day) (cfs) (Ib/day) (cf9) (Ib/day)
June 927 71,462 14 677 68,362 17 584 62,470 14
July 689 54,232 6 624 57,776 20 430 68,040 16
August 937 64,605 18 1004 | 48,090 13 605 47,982 46 353 68,398 31
September | 927 | 110,619 20 1291 | 56,548 30 848 58,877 24 759 | 102,807 41
October 570 70,791 41 1583 | 92,294 35 1377 | 64,595 36 1342 | 136,282 30
November - - - - - - - - - 814 95,155 52
December - - - - - - - - - 462 79,637 62

- Data not available
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Table 10

SIR Vernalisand DWSC Flowsand Trave Timesin 2002

Month | SIR Vernalis Flow DWSC Flow Old River Flow* Travel Time**
(cfs) (cfs) (cfs) (days)
L ow High Low High Low High Mossdaleto Channel Point to Turner Cut
Channel Point
Longest | Shortest | Longest | Shortest | Old River
Flow=0
January 1800 6000 | (-54)*** 3953 1854 2047 (-)*** 04 (-)*** 2 4.4
February 1800 2000 194 719 1606 1281 7.7 2.1 41 11 4.4
March 1900 2300 305 1060 1595 1240 4.9 1.4 26 7.5 4.2
April 1750 3100 258 2452 1492 648 5.8 0.6 31 33 4.6
May 2000 3600 339 2320 1661 1280 44 0.6 24 34 4.0
June 1300 1600 87 896 1213 704 17.2 1.7 92 8.9 6.1
July 1200 1500 193 772 1007 728 7.8 1.9 41 10.4 6.7
August 1050 1400 39 861 1011 539 38.5 1.7 205 9.3 7.6
September 1000 1400 512 1005 488 395 2.9 1.5 16 8 8
October 1400 2700 978 1834 422 866 15 0.8 8.2 4.4 5.7
November 1500 2100 85 1737 1415 363 17.6 0.9 94 4.6 5.3
December 1500 3000 161 1182 1339 1818 9.3 1.3 50 6.8 5.3
Jan 2003 1700 2000 94 859 1606 1141 16 1.7 85 9.3 4.7

*  Does not consider irrigation diversions between Vernalis and the DWSC, which are estimated to be on the order of 100 cfs (Quinn and Tulloch, 2002)
**  Calculated based on R. Brown’s equations. Mossdale to Channel Point Travel Time = 1500/UVM Flow (cfs)
Channel Point to Turner Cut Travel Time = 8000/UVM Flow (cfs)
*** Net Flow on this day of the month was upstream
- Not Computed
Source: USGS (2003)
http://waterdata.usgs.gov/calnwis/dv/?dd_cd=04 00060 00003& format=img& site_n0=11303500& set_logscale y=1& begin_date=20011224)
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An issue of particular concern is when elevated SIR flows rapidly decrease, such as occurred at
the end of May 2002 and in mid-November 2002. Under these conditions the DWSC receives a
high oxygen demand load, followed by a period of low flow and, therefore, significant time to
exert the influence of thisload on DO in the DWSC.

Table 10 also presents the USGS measured flows of the SIR at Vernalis for 2002. This
information was obtained from the USGS website. This information has been used to estimate
the amount of the SIR flow at Vernalis that has been diverted down Old River. It was found that
from 30 to as much as 96 percent of the lowest monthly SIR flow at Vernalis was diverted into
Old River. It has been found that if the SIR Verndlis flow was not allowed to flow down Old
River —i e., alowed to go down the SJR into the DWSC — the 2002 worst-case monthly travel
times from Channel Point to Turner Cut would be reduced from 20-30 days to 4-8 days (see the
rightmost column of Table 10).

According to A. Hinojosa (pers. comm., 2003) of DWR Delta Operations and Maintenance,
during the period when the Head of Old River rock barrier isin place, it is estimated that about
60 percent of the SIR Vernalis flow is diverted down Old River through the culverts in the
barrier. It isevident that in 2002 the percentage of the SIR Vernalis flow that was diverted into
Old River when the Head of Old River barrier was in place was often greater than the 60 percent
value.

The flow of the SIR at Vernalis for the past 12 years was obtained from the USGS website.
Table 11 presents a listing of the lowest SIR Vernalis flows for each of the years and the month
when these low flows occurred. All other flows during the year were above this value. A
comparison of the low flows at Vernalis with those of the SIR DWSC shows that the lowest SIR
DWSC flows occurred at the same time as when the SIR at Vernalis flow was lower. While
many times alow SJR flow at Vernalis persisted for several weeks, there were occasions when a
low flow at Vernalis occurred for only afew days. This situation caused adip in the SIR DWSC
flow and a corresponding increase in the travel time between Channel Point and Turner Cut.

It is evident that some of the lowest SIR flows (and, therefore, the longest travel times through
the critical reach of the DWSC) are aresult of short-term flow manipulations that occur upstream
of Vernalis. From the information available, it appears that those who control the flow of the
SJR at Vernalis through upstream releases and diversions, need to exercise greater control of
rapid short-term decreases in the SIR at Vernalis flow, in order to avoid the short-term longer
travel times through the critical reach of the DWSC.

If the February 2003 SIR flow at Vernalis had been prevented from going into Old River and
allowed to proceed down the SJR to the DWSC, the estimated over-30-day travel time for water
to go from Channel Point to Turner Cut would have been reduced to about 5 days. Decreasing
the travel time to a few days would, based on past data, essentially eliminate the February 2003
low-DO problem in the DWSC. Rather than having along, thin lake where the BOD associated
with the upstream algae and the City’s ammonia have ample time to be exerted in the 30-plus-
day travel time, the critical reach of the DWSC would be converted to ariverine system with a 5-
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Table11
SJIR Historical Low Flows at Vernalis

Y ear L ow Flow (cfs) When Measured
1987 1200 December
1988 1000 October
1989 1000 August
1990 700 September
1991 440 September
1992 400 June-August
1993 1000 January
1993 1500 July-August
1994 750 September
1995 1300 January
1996 1900 January, July-August
1997 1800 July-August
1998 1900 January
1999 1600 December
2000 1700 January, August
2001 1300 July-September
2002 1000 August-September
2003 (Jan - Feb) 1700 January
Source USGS (2003)

day travel time, where most (over 50 percent) of the oxygen demand load to the DWSC would be
diluted by the cross-SJR channel flow of the Sacramento River at Columbia Cut before it could
be exerted in the DWSC. This could significantly improve the 0 mg/L DO concentration that
was repeatedly present in mid-February 2003 in the surface waters at the RRI monitoring station.

One of the consequences of the current flow control approach where a large part of the SIR flow
at Vernalis is sucked down Old River by the State and Federa Projects is that the flow in the
DWSC is reduced to a very low level resulting in high ammonia in the DWSC. During 2002
there was a period when the calculated anmmoniain the DWSC was over 11 mg/L N. There were
several periods when the City’s wastewater effluent, when diluted by the DWSC flow, was
above 5 mg/L N. One of the issues that is not being adequately considered is that the
combination of high ammonia and low DO leads to higher toxicity than ammonia alone. This
issue is not addressed in the current US EPA water quality criteria for ammonia.  Further
discussion of ammonia as a source of oxygen demand is presented in a subsequent section.

In the past, the SIR DO TMDL Steering Committee and TAC have discussed the possibility of
increasing the flow of the SJR through the DWSC. The issue that should be addressed is how to
prevent the diversion of the SIR Vernalis flow down Old River. A review of the SIR flows at
Vernalis over the past 9 years shows that if the SIR Vernais flow was allowed to pass through
the DWSC before export from the South Delta, the longest Channel Point to Turner Cut travel
time would be about 8 days with the worst-case conditions in many years being 4 to 6 days.
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Achieving this travel time would greatly reduce to essentialy eliminate in some years the low-
DO problemsin the DWSC.

During the late 1980s and early 1990s drought years, the flow of the SIR at Vernalis was at times
reduced to less than 1,000 cfs, which results in an 8-day travel time through the critical reach.
Therefore, during drought years there still will be longer travel times through the critical reach of
the DWSC (Channel Point to Turner Cut) where additional control of the oxygen demand loads
and aeration would be needed.

From the current information, 1,800 cfs is the flow through the DWSC that yields the travel time
needed to significantly reduce the exertion of the oxygen demand load in the critical reach of the
DWSC. As discussed previoudly, there is need to evaluate the consequences of diverting the
DWSC high flow oxygen demand load into the Central Delta, especially through Turner Cuit.
This evaluation will need to be made since even under the current SIR diversions into Old River
there are times when high oxygen demand loads are added to the Central Delta.

Some of the issues that need to be considered/evaluated in connection with greatly restricting
SIR Verndis flow into Old River include the following.

Advantages

e Reduce occurrences of DO WQO violation in the DWSC and thereby achieve greater aquatic
life protection in the DWSC.

e Reduce salt recirculation for the Federal Project waters.

e Reduce cost of control of the low-DO problem in the DWSC.

e Better home water signal for fish homing to upstream eastside rivers.

e Cooler watersin the DWSC.

e Reduce the oxygen demand load and debris to the South Delta.

e Will not affect the ability to divert SIR water upstream of the DWSC and within the South
Deltato Central and Southern California.

Potential Problems

e The flow control system at the Head of Old River would need to be constructed to manage
the flow down Old River to the minimum necessary without leading to an increased threat of
flooding.

e Potential fisheriesimpacts need to be investigated.
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e Thereisneed to evaluate the impact of reducing the SJR flow into Old River on South Delta
channel water quality. The purpose of the diversions of SIR flow down Old River is
primarily to provide water for South Delta irrigation and recreation. It also helps to flush the
South Deltawater quality impacts of local South Delta discharges.

It would, therefore, be essential that any significant reduction of SJR flow into the South Delta
through Old River be compensated for by increased flow of Sacramento River water into the
South Delta from Middle River. There is need to evaluate how best to cause the higher-quality
Sacramento River water on its way to the Projects export pumps to, in part, pass through the
South Delta channel. If this can be achieved in association with reduced SJR flow into Old
River, then the water quality in the South Delta could be significantly improved, since the
relatively poor water quality of the San Joaquin River would no longer be diverted into the South
Delta, and the South Delta local discharges would be diluted/flushed by higher-quality
Sacramento River water.

It is recommended that a high priority be given to exploring keeping a greater fraction of the SIR
at Vernalis flow in the SIR channel rather than allowing it to be diverted into the Old River
Channel. Appendix G presents responses to a request for comments that was submitted to the
SIR DO TMDL Steering Committee on this proposal to severely limit the amount of SIR at
Vernalis water that is diverted down Old River.

DO-Related South Delta Water Quality Issues. Since two of the South Delta channels (a 15-
mile stretch of Old River and 9.7 miles of Middle River) have been found to experience
dissolved oxygen concentrations below the water quality objective of 5 mg/L, resulting in their
being listed on the SWRCB’s recently-adopted (February 4, 2003) updated 303(d) list
(http://www.swrch.ca.gov/rwgcb5/programs/tmdl/303dupdate.pdf), information was obtained on
the recent years' water quality characteristics of the South Delta channels. The listed cause of
the low DO for both of these listingsis *hydromodifications.”

DWR maintains water quality monitoring stations in the South Delta as part of their barrier
operations. According to S. Philippart of DWR (pers. comm., 2003), discrete water quality data
are available for 10 sites from March 26 through December 3, 2002. Water quality measured at
the discrete sites include water temperature, dissolved oxygen, specific conductance, turbidity,
gage height, ammonia, nitrite-nitrate, dissolved organic nitrogen, ortho-phosphate, chlorophyll a,
and pheophytin a. Figure 17 presents a map of the South Delta showing the location of these
discrete monitoring stations. Philippart made available the discrete sampling station data for
2001 and 2002.

Also available are continuous water quality data for five sites (Middle River at Howard Road,
Middle River at Undine Road, Old River near Head, Old River at the Tracy Wildlife Association,
and Old River at Delta Mendota Canal) from June 4, 2002 through the present, recording water
temperature, dissolved oxygen, pH, specific conductivity, and turbidity. A sixth site was added
in January 2003 in the Middle River about 0.5 mile downstream of the Tracy Road Bridge.
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Figure 17
Map of South Delta Showing DWR Discrete Water Quality Monitoring Stations
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Site Location

1. Middle River @ Union Point

2. Middle River @ Tracy Blvd

3. Middle River @ Undine Road

4, Old River Downstream of DMC Barrier
5. Old River Upstream of DMC Barrier

6. Old River @ Tracy Blvd

7. Grant Line Canal @ Doughty Cut

8. Grant Line Canal Above Barrier

9. Grant Line Canal @ Tracy Blvd

10. Old River @ Head

Figure 18 presents a map of the South Delta showing the location of these continuous monitoring
stations.
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Figure 18
Map of South Delta Showmg DWR ContlnuousWater Quallty M onltorlng Stations
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According to S. Philippart (pers. comm., 2003),

“Yellow Sorings Instruments 6600 "sondes’ (continuous multi-parameter water quality
monitoring instruments) were operated during the year to gather data at five sitesin the
South Delta. Three monitoring sites were located on the Old River: one on a pump
platform just upstream of the barrier near the Delta Mendota Canal (DMC), one on a
private boat dock at the Tracy Wildlife Association, and one on a pump-platform
approximately two miles downstream of Old River at Head. The fourth site was located
on a pump platform in the Middle River just upstream of the Howard Road Bridge
crossing. In 2002, a fifth monitoring site located on a pump platformin the Middle River
just upstream of the Undine Road Bridge crossing was added. Sampling at Undine Road
did not begin until June 4, 2002. Sampling in the Old River at Head did not commence
until July 10, 2002. Thereis no data for any of the stations from about October 2, 2001 -
June 4, 2002 because of staff limitations. There are certain sections where data may
have been deleted or are missing, which is either because of probe malfunctions or the
data was found to be inadmissible because of biological fouling on the probes.”

72



A review of the 2-week grab sample data (not presented, available from S. Philippart) from the
Head of Old River station for 2001 and 2002 shows that there were no DO concentrations below
the 5 mg/L WQO. Chlorophyll a concentrations at this station in 2001 during the summer
ranged up to 65 pg/L on July 17, 2001, while in June through September 2002 there were several
samples taken at this location which had chlorophyll a concentrations above 100 pg/L. These
high chlorophyll concentrations are expected since the water at this location is SIR water.

At Old River at Tracy Road during 2001 there were four sampling events during the summer
with DO concentrations less than 5 mg/L. During 2002 there were five sampling events during
the summer with DO concentrations less than 5 mg/L. The chlorophyll a concentrations at this
location during both years frequently were above 20 pg/L, with one value in 2002 exceeding 60
pg/L. Chlorophyll a samples above about 30 pg/L are generally considered to be representative
of excessive algal growth, where, with low inorganic turbidity, the waters might be called “pea
soup green.”

Biweekly grab samples taken from the Old River at Delta Mendota Canal (DMC) upstream of
the barrier during 2001 showed severa samples with DO concentrations below the 5 mg/L
WQO, with alow of 4 mg/L in 2001. While there were many summer 2002 samples taken from
this station with DO concentrations less than the 5 mg/L DO WQO, on September 24, 2002, this
station recorded a DO concentration of 2.7 mg/L. Chlorophyll a concentrations measured at this
station during both 2001 and 2002 were generally less than 10 pg/L.

At the monitoring station located at Old River at DMC downstream of the barrier, during 2001
there were a couple of occasions when the DO was just under the WQO. In 2002, many of the
summer values measured at this station were less than 5 mg/L, and a low value of 2.1 mg/L was
recorded on September 24, 2002. The chlorophyll a concentrations measured at this location
during both 2001 and 2002 were generally less than 10 pg/L during the summer and fal, with
the exception of October and November 2002, when the chlorophyll a concentration was above
20 pg/L.

Grant Line Canal is sampled at Tracy Road. In 2001 there were two DO values less than the 5
mg/L objective. Six sampling days had DO concentrations less than 5 mg/L in 2002, with alow
value of 3.4 mg/L that occurred on October 10, 2002. Chlorophyll a concentrations at this
location during 2002 were highly variable, with some values in excess of 50 pg/L.

Doughty Cut above Grant Line Canal had one DO value less than the 5 mg/L objective, which
occurred on June 26, 2001. In 2002 a value of 3.4 mg/L was found on October 8 at this station.
The chlorophyll a concentrations at this location were frequently above 20 pg/L, with avalue as
high as 107 pg/L recorded during 2002.

Middle River at Union Point in 2001 and 2002 did not show any DO violations below the WQO,
and typically the chlorophyll a concentrations for both years were less than 3 ug/L.
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Middle River at Tracy Road during 2001and 2002 did not show any DO violations below the
WQO. The chlorophyll a concentrations at this location typically were lessthan 5 pug/L.

Middle River at Undine Road in 2001 showed only one DO concentration below the WQO,
which occurred on August 8, 2001. There were no violations of the WQO during 2002 at this
location. However, chlorophyll a concentrations at this location in both years were frequently
above 20 pg/L, with some values as high as 70 pg/L.

Overall, it can be concluded, based on grab samples taken at the 10 DWR sampling stations in
the South Delta, that several of the South Delta channels occasionally experience DO
concentrations below the 5 mg/L WQO during the summer and fall months. It is expected that
continuous recording of DO, which would include early morning measurements, would show a
greater number of DO violations than was found with grab sampling. Some locations experience
high levels of planktonic algal chlorophyll. The agal nutrient concentrations found in the waters
at these sampling stations generally indicated that, given sufficient time, substantial algal
popul ations could develop in these waters.

S. Philippart provided data for the five DWR continuous monitoring stations. These data are
recorded at 15-minute intervals. Examination of these data (not shown, available from S.
Philippart) shows that, at Old River at Tracy Wildlife Association in early June 2001, there was
about a three-day period when the early morning DO concentrations were below the 5 mg/L
WQO, with a low value of 3.6 mg/L. The afternoon values were typically on the order of 12
mg/L at this station during this period. From June 22 through June 30, 2001, there was a period
of early morning DO concentrations as low as 1.4 mg/L at this location. In early July, early
morning DO was recorded as low as 1.65 mg/L. There were also periods of several weeks in
July 2001 when the DO did not drop below the WQO. In August 2001 there were a number of
days when the low DO for the day was less than 3.0 mg/L, with an extreme low of 1.05. There
were substantial periods during the late summer when the DO meter at this location was not
working.

There was a period in early June 2002 when the DO concentrations were less than 5 mg/L at the
Old River at Tracy Wildlife Association station, with a low of 4.08 mg/L. In mid-June 2002,
early morning DO concentrations of less than 0.5 mg/L were recorded, while on the same day the
afternoon values were on the order of 14 mg/L. Much of July at this station had DO
concentrations above 5 mg/L. There was a period in August when the DO concentrations were
recorded as low as 1.1 mg/L. These periodic early morning low DO concentrations continued
through September and October 2002. It is evident that the high algal concentrations present in
the waters at the Old River at Tracy Wildlife Association were causing marked diel variations in
DO, with early morning extreme lows of afew mg/L. Thus far in 2003, al recorded DO values
have been above the 5 mg/L WQO at this location.

DWR maintains a Head of Old River monitoring station about 2 miles downstream from the
head. In September and October 2001 there were early morning DO concentrations as low as 3.2
mg/L at this station. There were substantial periods in 2002 when the DO meter was not
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working at this location. When the meter was working, all reported DO concentrations were
greater than 5 mg/L during the summer. However, a 3.5 mg/L DO concentration was reported in
late October. In January 2003, all DO values were up around 9 to 10 mg/L.

At the Old River at Delta Mendota Canal station, there were some DO values less than 5 mg/L
but greater than 4 mg/L in early July 2001. The same sSituation occurred in August. In
September 2001 at this station there were periods of aweek or more when the DO concentrations
were less than 4 mg/L. During June 2002 there were severa days when the early morning DO
values were just less than the WQO of 5 mg/L. In July 2002 there were several days when the
early morning DO concentrations were on the order of 2 to 3 mg/L. There were periods in
August of DO concentrations less than 3 mg/L, with some extreme lows of 0.7 mg/L. The same
pattern occurred in September, with low DO values on the order of 0.7 mg/L. DO values less
than 4 mg/L were recorded in October and November 2002. In December and thus far in 2003,
al DO values have been above the 5 mg/L WQO at this station.

The DWR continuous monitoring station for Middle River at Undine Road showed al DO values
above 5 mg/L in 2002. There were substantial periods, however, when the DO meter was not
working at thislocation. All 2003 DO values thus far have been above the 5 mg/L WQO.

At the Middle River at Howard Road station, some DO values less than 5 mg/L but greater than
4 mg/L were recorded in June 2002. In July an early morning DO value of 2.3 was recorded.

It is evident that there are locations on Old River and, at times, on Middle River where the DO
concentrations in the summer-fall are less than the 5 mg/L WQO in the early morning hours.
This dataset demonstrates the importance of discrete sampling of DO in the early morning hours
in order to detect WQO violations.

It is of interest to find that all of the 2003 South Delta channel DO data reported thus far are
above the 5 mg/L WQO. This indicates that the high algal concentrations that are associated
with the extreme low DO values in the Deep Water Ship Channel during January and February
2003 are not occurring in South Deltawaters. The difference may be that the DWSC isreceiving
a substantial ammonia load from the city of Stockton, which is leading to the DWSC low DO
conditions that occurred between mid-January and early March 2003.

The city of Tracy discharges its secondarily treated domestic wastewaters to Old River just
upstream of Sugar Cut. According to Kummer (pers. comm., 2003) of the CVRWQCB, Tracy’s
wastewater discharge average flow is about 11 cfs, with an average BODs of 7 mg/L and, during
November 2002, ammonia of 16 mg/L N. This amounts to about 4,000 Ib/day of NBOD,
contributed by Tracy in November, with atotal BOD,, of about 5,000 Ib/day. Kummer indicated
that Tracy is applying for an expansion of its NPDES permitted discharge, which would allow a
total effluent flow of 23 cfs. As part of this expansion, Tracy will be practicing tertiary
treatment, with nitrification to remove ammonia and denitrification to remove nitrate.
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Because of the current 303(d) listing of two of the South Delta channels for DO violations, at
some unspecified time in the future, under the current regulatory requirements TMDLs will need
to be developed to control the DO water quality objective violations. This situation could be of
significance to SIR upstream of Vernalis nutrient dischargers, as well as local South Delta
nutrient dischargers, since it appears that the DO violations are likely due to excessive amounts
of algae in the South Delta channels.

There are a number of other water quality issues in the South Delta that will need to be
addressed, including excessive sat, pesticide-caused aquatic life toxicity and excessive
bioaccumulation of organochlorine pesticides and PCBs in fish tissue. Any program designed to
change the flow patterns through the South Delta, including the installation of the permanent
barriers, should include a detailed evaluation of how the atered flow will impact South Delta
water quality.

Evaluation of the Oxygen Demand Significance of the City’s Ammonia Discharges. The box
model calculations indicated that the city of Stockton’s ammonia discharges contribute about 10
to as much as about 90 percent of the oxygen demand (BOD,) load to the SIR just upstream of
the DWSC. The issue of primary concern is how much of the ammonia-associated oxygen
demand load is exerted between the point of its discharge by the City and Turner Cut. It isthe
exertion of this oxygen demand load plus the exertion of the residual Mossdale oxygen demand
load that leads to the low DO concentrations that violate the WQO. As discussed above, typical
modeling of nitrogenous BOD (NBOD) and carbonaceous BOD (CBOD) utilizes a first-order
rate constant of about 0.1 per day. Litton (2003), discussed below, reported that the rate
constants for CBOD and NBOD are about 0.11 and 0.076 per day, respectively. These values
were derived, however, from the nitrification-inhibited BOD tests and, therefore, may bein error.

Litton (pers. comm., 2003) has indicated that he is currently conducting BOD tests on DWSC
and SJR water in which he is examining the rates of nitrification based on measurements of the
nitrate buildup and ammonia disappearance in the tests. As discussed above, this is the
recommended approach for evaluating CBOD and NBOD in a sample. Litton indicated that,
during the low flow periods of the SJR through the DWSC that occurred in mid-February, he
found a significantly elevated rate of nitrification, compared to that expected based on the typical
rate constant of 0.1 per day. However, with increasing flows of the SIR through the DWSC,
which began to occur in late February 2003, the enhanced rate of nitrification disappeared. He
indicated that he will be preparing areport on these issues in the near future.

Table 12 presents information on the potential significance of the rate constant on the
nitrification of ammonia in the DWSC. The uppermost part of the table presents the expected
NBOD, that would be present at Turner Cut as a function of the NBOD,, concentrations at
Channel Point and the estimated travel time between Channel Point and Turner Cut with the
20°C rate constant of 0.1 typically used in nitrification modeling.

The middle part of the table presents the expected NBOD, that would be present at Turner Cut
with a“winter” rate constant of 0.05 per day. The 0.05 rate constant is obtained from Figure 15,
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Ammonia Oxidation in DWSC

Table 12

NBOD, Residual at Turner Cut at Temperature of 20°C (k =0.1)

Ammonia Concentration 0.5 1.0 2.0 3.0 50

at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8

at Channel Pt (mg/L)
o 5 14 2.8 55 8.3 13.8
= 10 0.85 17 3.3 5.0 8.4
-2 15 0.51 1.0 2.0 3.0 5.1
23 20 0.31 0.62 1.2 1.8 3.1
= 25 0.19 0.38 0.75 1.1 1.9
30 0.11 0.23 0.45 0.68 1.1

NBOD, Residual at Turner Cut at Temperatureof 10 °C (k = 0.05)

Ammonia Concentration 0.5 1.0 2.0 3.0 5.0
at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8
at Channel Pt (mg/L)
o 5 1.8 3.6 7.1 10.7 17.8
£ 10 1.4 2.8 55 8.3 13.8
-7 15 11 2.2 4.3 6.5 10.8
?% i-g, 20 0.85 1.7 3.3 5.0 8.4
= 25 0.66 1.3 2.6 3.9 6.5
30 0.51 1.0 2.0 3.0 5.1
NBOD, Residual at Turner Cut —“Enhanced” (k = 0.5)
Ammonia Concentration 0.5 1.0 20 3.0 5.0
at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8
at Channel Pt (mg/L)
o 5 0.19 0.38 0.75 1.1 1.9
£ 10 0.015 0.031 0.061 0.092 0.15
-2 15 0.001 0.003 0.005 0.008 0.013
_% ﬁ 20 <0.001 | <0.001 | <0.001 | <0.001 0.001
= 25 <0.001 | <0001 | <0.001 | <0.001 | <0.001
30 <0.001 | <0001 | <0.001 | <0.001 | <0.001

NBODu; = NBODu * €
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where a 10°C rate is about 50 percent of the 20°C rate. This rate constant is based on the
temperatures that have been measured in the DWSC at the RRI monitoring station during 2002.
As shown in Table 13, during the winter the temperaturesin the DWSC are on the order of 10°C.

Table 13
2002 DWSC Monthly Temper ature Ranges at RRI
Month oF °oC
L ow High L ow High

January 47 54.2 8 12
February 47 57 8 14
March 56.5 63 14 17
April 61 63 16 17
May 59 75 15 24
June 73 77 23 25
July 77 80 25 27
August 76 79 24 26
September 73 76 23 24
October 61 72 16 22
November 56 60 13 16
December 48 56 9 13

Annual Range 8 — 27 °C
Diel Range in Surface Water ~ 3 °F

The bottom part of Table 12 presents the expected NBOD, that would be present at Turner Cut
with an “enhanced” rate constant of 0.5 per day. The 0.5 “enhanced” rate constant was
somewhat arbitrarily selected, although rate constants of this magnitude have been reported.
Bierman (pers. comm., 2003) stated in response to a question on enhanced nitrification rates,

“1 do know that HydroQual, Inc. developed a hydrodynamic and water quality model for
the Delaware River:

HydroQual, Inc. 1998. Development of a Hydrodynamic and Water Quality
Model for the Delaware River. Prepared for Delaware River Basin Commission,
25 Sate Police Drive, West Trenton, New Jersey 08628. Project No. DRBCO0030.

Page 7-13 of that report contains the following:

‘The nitrification rate, Kn, varied spatially with the River divided into three nitrification
zones: zone 1 (RM 133 to 110) with Kn = 0.1/day, zone 2 (RM 110-83) with Kn = 1.0/day
and zone 3 (RM 83-48.5) with Kn = 0.5/day. The assignment of the nitrification rate to
each zone was guided by the fit of the model to the ammonia and nitrite + nitrate data.’

The City of Philadelphia lies between RMs 110 and 90. RM 50 is approximately 10
miles downstream of the Chesapeake and Delaware Canal. The HydroQual nitrification
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rates for zones 2 and 3 seem very high but | do not know the full reasons for these
choices.”

It is evident that it is possible that much higher nitrification rates could at times be occurring in
the DWSC than would be predicted based on a 0.1 per day rate constant. Examination of Table
12 shows that, for the 20°C conditions, travel times between Channel Point and Turner Cut on
the order of 15 to 20 days allowed substantial exertion of the NBOD in the critical reach of the
DWSC. Asexpected, at 10°C the rate of nitrification is significantly slowed down, so that less of
the NBOD present at Channel Point would be exerted by Turner Cut. However, under the
“enhanced” rates of oxidation assumed, even an ammonia concentration of 5 mg/L N at Channel
Point (NBOD,, of 22.8 mg/L) is substantially exerted in 10 days, and most of it is exerted in 5
days. From the information available, to the extent that enhanced nitrification occurs, the city of
Stockton’s ammonia discharges could be an even greater source of oxygen demand for DO
depletion below the WQO in the critical reach of the DWSC.

The results presented in Table 12 demonstrate the importance of reliably determining the in situ
nitrification rate constants under the various conditions that exist in the summer, fall and winter.
Because of its potential problems, the inhibited BOD test should not be used for this purpose.
Instead, the approach recommended by Standard Methods (APHA, et al.,. 1998) that was
recently used by Litton, involving the measurements of anmonia and nitrate during the course of
the test, should be used. These rates should then be compared to the results of field studies of
ammonia disappearance within the Channel. Through this approach, an assessment can be made
of the significance of ammonia discharges to the SIR DWSC causing or contributing to DO
concentrations below the water quality objective.

In addition to the city of Stockton’s domestic wastewaters being a source of ammonia for the
SIR DWSC, there are other sources, including the decay of algae, wastewaters from dairy and
animal husbandry areas, and upstream domestic wastewater discharges to the SIR during the late
fall and winter. Based on the city of Stockton’s NPDES reports to the CVRWQCB, an estimate
can be made of the concentrations of ammonia that could occur in the SJR due to the City’s
wastewater discharges. These estimates are presented in Table 14.

The calculated ammonia concentrations shown in Table 14 are based on city of Stockton’'s
reported average ammonia effluent concentration for the month and Stockton’ s average monthly
wastewater flow reported to the CVRWQCB. The City’s wastewater flow and the UVM-
measured lowest daily SIR DWSC flow for the month are added to give the flow into which the
ammonia load is discharged. Since the flow of the SIR past the City’s wastewater discharge is
tidal, the flows that are available for dilution of the City’s effluent ammonia and other
constituents are dependent on a variety of factors, such as the duration of the low net flow of the
SIR past the City’s wastewater discharge point, that must be evaluated to determine the
magnitude of the dilution that is available for the City’s effluent at any particular time. The
calculations in Table 14 assume that the SIR flow at the point of the City’s discharge does not
contain any significant ammonia concentration. During the past several years, the ammonia in
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the SIR upstream of the City’s discharge has typically been on the order of a few tenths of a
milligram per liter N.

Table 14
2002 Calculated Ammonia Concentration in the SIR, Based on L owest Monthly
SIR DWSC Flow and Stockton’s Wastewater Ammonia Concentration and Flow

Month Stockton Ammonia | Stockton DWSC Calculated
Effluent Average Average L owest Ammonia
Concentration Monthly Daily Flow | Concentration in
(mg/L N) Flow (cfs) (cfs) SIR (mg/L N)
January - - - -

February 22.0 39 194 3.7
March 22.7 43 305 2.8
April 4.3 43 258 0.6
May 2.0 58 339 0.3
June 2.6 51 87 0.96
July 2.3 60 193 0.5
August 10.8 53 39 6.2
September 23.9 59 512 2.5
October 27.1 52 978 1.4
November 27.9 59 85 114
December 26.6 60 161 7.2

- Datanot available

The lowest SIR DWSC flows can be subject to error, due to the fact that the UVM measurements
are attempting to discern a net downstream flow of 100 or so cfs against a background tidal flow
of 2,000 to 4,000 cfs. While the absolute UVM flows of afew hundred cfs or less are somewhat
in question, there is no question about the fact that the SIR flows through the DWSC are at times
low, resulting in higher travel times through the critical reach of the DWSC, as well as higher
ammonia concentrations in the DWSC arising from the City’ s ammonia discharges to the SIR.

As shown in Table 14, the City’ s wastewater effluent ammonia concentrations during late spring
through mid-summer 2002 were 2 to 4 mg/L N. Starting in September through early winter, the
ammonia concentrations were 25 to as much as 28 mg/L N. This is the typical ammonia
discharge pattern that has been experienced for a number of years. As noted above, during 2001
this typical pattern was not followed, in that the City had high ammonia discharges during the
summer, as well.

The City does not discharge wastewaters on weekends. Therefore, there will be about a 2-day
period each week when the ammonia concentrations in the SIR just below the City’s discharge
will be lower than during the rest of the week. At times, the City’s wastewater discharges are
higher on Mondays, when they initiate discharges for the week. This will give an ammonia
concentration in the SJIR below the City’s discharge (and, likely, at Channel Point) which is
variable, depending on the day of the week and tide stage.
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According to Litton (pers. comm., 2003), he expects that tidally induced longitudinal dispersion
in the SJR below the City’s discharge and near Channel Point will smooth out the impacts of the
variable ammonia concentrations due to the City’s wastewater discharge pattern on SJR and
DWSC ammonia concentrations near Rough and Ready Island, athough these effects may still
be discernible near Channel Point.

It is aso important to understand that, because of tidal excursions in the SIJR near the point of
wastewater discharge, at times under flood tides, the City’s wastewater discharge to the SIR
occurs into SIR water that has aready received a wastewater effluent discharge associated with
the previous flood tide. Because of the variable concentrations of ammonia and other
constituents discharged by the City, the variable concentrations of oxygen demand (algae) and
the variable SIR flow through the DWSC, there is need to conduct Lagrangian studies in which
water masses present at Mossdale are followed (monitored) to Turner Cut under various flows,
days of the week, City ammonia discharge concentrations, Mossdale BOD/algae concentrations,
and seasons.

While there is no doubt that when the City discharges high concentrations of ammonia in its
wastewater effluent under low SIR DWSC flow conditions the City’s discharge is a major cause
of low DO in the DWSC, there is need for additiona investigation of the significance of the
City’s ammonia discharges as a cause of DO water quality objective violations in the DWSC
under lower effluent ammonia discharge concentrations and elevated SIR DWSC flows.

Sour ces of Oxygen Demand

Gronberg, et al. (1998) and Kratzer and Shelton (1998) provide information on the
environmental setting of the San Joaquin River basin. The SIR watershed consists of over 7,000
square miles in the Central San Joaquin Valley of California below the eastside reservoirs. The
total watershed, which includes the Sierra-Nevada mountains above the reservoirsis estimated to
be 13,536 square miles. It is bounded on the east by the Sierra-Nevada mountains, and on the
west by the Coast Range mountains. It extends north from Fresno to the Sacramento-San
Joaquin River Delta (see Figure 3). The eastside rivers (Merced, Tuolumne and Stanislaus
Rivers), including the San Joagquin River, which drain the western slopes of the Sierra-Nevada
mountains, are the primary sources of water for the SJR. This section presents a summary of the
current understanding of the sources of oxygen demand for the SIR upstream of Mossdale.

Significance of SJIR Upstream of Mossdale Oxygen Demand Loads. Lee and Jones-Lee
(2000a) presented a conceptual model of the sources and sinks of oxygen demand in the SIR
DWSC watershed. Figures 19 and 20 present the primary components of this conceptual model.
Oxygen-demanding substances are contributed to the SIR upstream of Mossdale by irrigation
tailwater and subsurface drain water associated with high water tables, domestic and industrial
wastewaters, discharges/runoff from riparian lands (such as wetlands) and stormwater runoff
from various types of land use.
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Figure 19

Sour cesd/Sinks of Oxygen Demand in SJIR-DWSC Water shed
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Figure 20

Schematic Representation of Algal Growth in San Joaquin River
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During 2000 and 2001 the US Geological Survey, under the leadership of C. Kratzer and P.
Dileanis, and R. Dahlgren from the University of California, Davis, conducted monitoring of the
SJR and many of its tributaries upstream of Mossdale. The concentrations of a variety of water
quality parameters, such as BOD, chlorophyll a, various chemical constituents, etc., were
monitored in these programs. While, at this time, no reports are available covering the results of
this monitoring, the data have been made available for use in the SIR DO TMDL project. These
data were used by Foe in developing the Strawman analysis of “upstream” oxygen demand loads
and sources from the SIR watershed. Typically these data were collected every two weeks and
covered the period from June through mid- to late October.

The Dahlgren studies were part of a project sponsored by the US Fish and Wildlife Service
devoted to understanding nutrient dynamics in the Sacramento and San Joaquin River
watersheds. Dr. Dahlgren assisted the SIR DO TMDL effort by making his data available prior
to their publication. Dahlgren and Kratzer/Dileanis collected samples at the mouths of the major
tributaries to the SIR upstream of Vernalis and at various locations within the SJR, including
Mossdale. At these same sampling locations flow measurements were already available, or were
made at the time of sampling.

Strawman Analysis. Foe, et al. (2002) reported a strong correlation between the concentration of
chlorophyll a and pheophytin ain the SIR at or near Vernalis and the BOD measured in the same
samples. The summer pattern of estimated BOD based on chlorophyll a and pheophytin a
measurements and the dissolved oxygen concentrations at the Rough and Ready Island
monitoring station were nearly inverse of each other, indicating that high chlorophyll a and
pheophytin a loads (BOD loads) were likely responsible for lower DO concentrations at the
Rough and Ready |sland monitoring station.

Seasonal algal concentration patterns at Mossdale and upstream in the SIR showed that peak
chlorophyll a concentrations in the River were consistent from where Mud and Salt Sloughs
enter the SIR to Mossdale.  Further, the highest concentrations of chlorophyll a were found in
the Mud and Salt Slough and SJR upstream of Lander Avenue discharges to the SIR and
downstream in the SIR to Mossdale. These results indicate that the eastside rivers (Merced,
Tuolumne and Stanislaus Rivers) and other tributaries are not major sources of planktonic algal
chlorophyll a downstream of Mud and Salt Sloughs for the SIR. In fact, the mgjor river inputs
would tend to lower the SIR concentrations of chlorophyll a, due to a dilution effect.

Foe, et al. (2002) developed an algal growth model for the SIR from the Mud and Salt Slough
discharges to the SJR, to Maze Boulevard, which is just upstream of Vernalis. This model
showed that there was an apparent doubling of the algal population down the SJR every one and
a half to three days. According to Kratzer and Biagtan (1997), the normal travel time between
Mud and Salt Slough discharge points and Vernalis during the summer is about three days. The
Foe, et al. (2002) estimated growth rate is in accord with what would be expected based on
normal rates of algal growth in a severely light-limited system such as occurs in the mainstem of
the SIR.



P. Dileanis (2002) provided a work-up of the USGS (Kratzer/Dileanis) and Dahlgren chlorophyll
a and pheophytin a data. Figures 21 and 22 present plots of these data for representative
sampling runs during the study period. These data show, as reported by Foe, et al. (2002) in the
Strawman analysis, that high concentrations of planktonic algal chlorophyll a are present in the
SJR and the Mud Slough watershed near where Mud and Salt Sloughs enter the SIR in the upper
part of the Valley (below the reservoirs) watershed. It is also evident that the concentrations of
chlorophyll a found in the SJR from near where Mud and Salt Sloughs enter (i.e., SR at Merced
River, which is just downstream of where Mud and Salt Sloughs enter the SIR) are already
elevated.

For many of the sampling runs, the concentrations tend to remain essentially constant down the
SJIR to VernalisMossdale, or increase somewhat down the River. This pattern, which occurred
in both 2000 and 2001, demonstrates that there is appreciable algal growth in the SIR from the
Mud and Salt Slough area to VernalisMossdale. This growth is evidenced by the fact that the
eastside rivers (Merced, Tuolumne and Stanislaus Rivers) contribute substantial amounts of low-
chlorophyll a water to the SIR, which do not significantly dilute the planktonic algal chlorophyll
a concentrations in the SIR.

Table 15 presents the average flows of the SIJR and its major tributaries during the summer/fall
2000 and 2001. The high flows that sometimes occur at the beginning of June or in late October
were not included in the average. The average flows listed are the flows that are transporting the
oxygen demand load that is present at Mossdale. As shown in Table 15, the SIR and several of
its mgjor tributaries during the summer 2000 tended to have about twice the flow of the summer
2001. During 2001 the measured flows upstream of Patterson add to a total flow of 358 cfs
while the flow of SIR at Patterson was measured at 644 cfs. Adding the flow of the Tuolumne
River to the SIR Patterson flow gives a total of 957 cfs which compares to the measured SIR at
Maze flow of 939 cfs. Adding the Stanislaus River flow of 448 cfs to the SIR Maze flow of 939
cfsyields 1,387 cfs, which compares quite favorably to the measured SIR Vernalis flow of 1,380
cfs.

Examination of the flows in the SIR during 2000, which was a wetter year, shows that the sum of
the SIR Patterson measured upstream flows was 422 cfs while the SIR at Patterson had a flow of
785 cfs. The SIR Maze measured flow was 1,610 cfs while the sum of the Tuolumne River and
the SJR Patterson flows was 1,609 cfs. The measured Vernalis flow was 2,286 cfs and the sum
of the SIR Maze and the Stanislaus River flows was 2,047 cfs. Part of the difference between
measured and expected flows relates to agricultural diversions and discharges. This issue is
discussed below.

Table 15 aso contains the estimated BOD,, loads for each of the major tributaries and along the
SJR upstream of Mossdale. These loads were calculated based on the measured summer average
BOD1 concentrations reported by Foe, et al. (2002) in the Strawman analysis, multiplied by the
summer average flows at each of the measuring points, times 0.65 to convert BODyo to BODs,
times 3.0 to convert BODs to ultimate BOD, times 5.4 to convert the units to |b/day.
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Figure2l
Representative Planktonic Algal Chlorophyll ain San Joaquin River
Summer/Fall 2001 (from Dileanis, 2002)
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Table 15
Estimated Average Summer Flow of the SJIR and Major Tributaries

Location Summer* Ave Flow (cfs) 2000 Ave BOD, | 2001 Ave BOD,
2000 2001 L oad (Ib/day) L oad (Ib/day)

SJR Lander 25 9 4,580 2,274
Salt Slough 150 134 8,845 5,221
Mud Slough 61 84 6,166 7,253
Merced River 186 131 1,959 1,379
SIR Patterson 785 644 52,903 44,079
Tuolumne River 824 313 8,677 3,625
SIR Maze 1,610 939 72,899 59,326
Stanislaus River 437 448 5,522 3,774
SR Verndis 2,286 1,380 108,322 63,938
SIR Mossdale 2,286 1,380 120,358 93,001

* Flow data based on Appendix A from Foe, et al. (2002) Strawman Report.

As evidenced from this table, the SIR at Lander Avenue coupled with Salt and Mud Sloughs
discharges add substantial BOD,, to the SJR. This is manifested as 40,000 to 50,000 Ib/day of
BOD, in the SIR at Patterson. At the SIR at Maze, the BOD,, increased to 60,000 to 73,000
Ib/day. At Mossdale, there is further increase to 90,000 to 120,000 |b/day of BOD,. The
eastside rivers (Merced, Tuolumne and Stanislaus), which are major contributors of flow, are not
major sources of BOD,. These results are in agreement with the above-discussed findings that
the measured BOD is correlated with planktonic algal chlorophyll a and that the eastside rivers
are not major sources of phytoplankton for the SJR.

McGahan (pers. comm., 2002) has questioned the cause of the significant increase in the
planktonic algal chlorophyll a and BOD,, loads that occurs between the discharges of Mud and
Salt Sloughs and the SIR at Lander, and the SIR at Patterson. This issue has been reviewed
further, with respect to whether there are significant additional sources of algae/BOD between
the Mud/Salt Slough discharges and the SJR at Patterson. It was found that Los Banos Creek
discharges into Mud Slough downstream from where Mud Slough gaging and monitoring has
been conducted. Therefore, Los Banos Creek is a potential source of algae and BOD to Mud
Slough that is not reflected in the Mud Slough loads.

Dahlgren (2002) collected samples of Los Banos Creek during the summer 2000. It was found
that the average planktonic algal chlorophyll a in the Creek waters during the summer was about
11 pg/L, while at the same time, Mud Slough planktonic algal chlorophyll a averaged 45 pg/L.
Quinn (pers. comm., 2002) estimates that the summer (June through September) average flow of
Los Banos Creek is about 9 cfs. Based on this information, Los Banos Creek is not a major
contributor to the planktonic algal loads and their associated BOD to the SIR upstream of
Patterson.

Dileanis (pers. comm., 2002) of the USGS has provided estimates of the chlorophyll a plus
pheophytin and BOD, added to the SIR during 2001 between where the Merced River enters the
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SIR and the SJR at Patterson. One sample per month was taken from the three tributaries that
discharge to the SJIR between the Merced River and the SIR at Patterson (Harding Drain,
Orestimba Creek and Spanish Grant Drain) during the period July through October 2001. Using
an average of the USGS data for 2001 for each of these tributaries between July and October, it
is estimated that about 10,000 Ib of BOD, were contributed by these tributaries to the SIR at
Patterson. Therefore, the increase in BOD,, between the Mud and Salt Slough discharges and
Patterson due to algal growth in the SIR and other sources of BOD is about 34,000 |b of BOD.,.
This compares to a summed load of about 16,000 |b of BOD, from Mud Slough, Salt Slough,
SIR at Lander Avenue and the Merced River. Therefore, the BOD,, load between the upstream
tributary discharges (Mud and Salt Sloughs) and Patterson about doubled in the summer/early
fall of 2001.

Dileanis (pers. comm., 2002) has indicated that the travel time of the SIR from Highway 165
(Lander Avenue) to Patterson is about 50 hours (about 2 days). This is based on the dye-tracer
studies of Kratzer and Biagtan (1997). They indicated that the flow of the SIR at the time of
their dye-tracer studies was in the range of 1,000 to 2,000 cfs a Vernalis. They further indicated
that the travel times in this flow range were not highly dependent on SJR flow. Foe (pers.
comm., 2002) has estimated the travel times during the summer 2001 between Salt Slough’s
discharge to the SIR and Patterson as 1.7 days, Mud Slough and Patterson as 1.1 days, and the
SJIR at Lander Avenue and Patterson as 1.8 days. He points out that the gaging stations on Mud
and Salt Sloughs are upstream of the discharge point to the SIJR, and therefore there could be
another half a day or so travel time within the tributaries before reaching the SJR. Quinn (pers.
comm., 2002) indicates that the distance between the Mud Slough gage and the discharge to the
SJIR isless than six miles. Further, he indicates that the stream gage on Salt Slough at Highway
165 is even closer to the SIR. He stated that, except under backwater conditions, it is unlikely
the travel time from the gage to the SJR is more than 12 hours. Itisevident that thereisfrom 1.5
to 2 days travel time between where Mud and Salt Sloughs discharge to the SIR, and SIR at
Patterson. Bowie, et al. (1985) have indicated that a review of the literature on algal doubling
times in laboratories and waterbodies shows that the range is from about 0.2 to 3, with many
doubling times on the order of 1 to 2 days. Since Foe, et al. (2002), found an apparent doubling
time for algae in the upper SJR of about 38 to 47 hours (1.6 to 2 days), it is apparent that the
increase in BOD,, between Mud and Salt Slough and the SIR at Lander Avenue discharges and
that found at the SIR at Patterson can readily be accounted for based on algal growth and the
inputs from other tributaries between these two locations, with algal growth being the dominant
cause of the increased algae and BOD in the SJR at Patterson.

Based on the information provided by Dileanis (pers. comm., 2002), it is found that the ratio of
BODjo to planktonic algal chlorophyll a for Orestimba Creek and Spanish Grant Drain is
significantly different than this same ratio for Harding Drain. Harding Drain has a much higher
BOD to chlorophyll a ratio than Orestimba Creek and Spanish Grant Drain. This indicates that
Harding Drain, which represents about 80 percent of the total BOD load from these three
tributaries, has other causes of BOD than planktonic algae. This might be expected, based on the
fact that Harding Drain receives city of Turlock domestic wastewaters, which contain CBOD and
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ammonia. Further, there are upstream dairies that could be contributing wastewaters to Harding
Drain. Thereisneed to further investigate the sources of BOD in Harding Drain.

The summer 2000 flows, which were approximately twice the flows in 2001, contained increased
BOD, as measured along the River and at Mossdale. The comparison between the BOD,
measured at Mossdale for 2000 and 2001 of 120,000 and 93,000 |b/day, respectively, with the
three years summer average of the city of Stockton’s BOD data collected at Mossdale (67,000
Ib/day) (Figure 16), shows a substantia difference between the two values. This differenceisa
result of the Figure 16 box model calculations being based on the use of flow of the SIR into the
DWSC to estimate the Mossdale load that reaches the DWSC from upstream sources. The Table
15 values, however, use the Vernalis flow to estimate the total load at Mossdale. The difference
between the two is the amount of the load that is diverted down Old River below Mossdale.

The potential significance of summer irrigation return flows has been examined by Foe, et al.
(2002). According to Foe, et al., during the study period summer irrigation return flows were
about 20 percent of the flow at Vernalis. In 2000 Foe, et al., used chlorophyll a concentrations
from Orestimba Creek as representative of algal concentrations from irrigation return flows. In
2001 the USGS measured chlorophyll a at a number of sites in the Central Valey including
Orestimba Creek. Statistically, al of the westside tributaries had about the same concentrations
of planktonic algal chlorophyll a as Orestimba Creek. Foe, et al. (2002) conclude that the data
from Orestimba Creek is broadly representative of agricultural irrigation tailwater returns.

When the average Orestimba chlorophyll a concentration is multiplied by 20 percent of the flow
at Vernalis the calculated load of algae and their associated BOD is not a significant part of the
total load measured in the SIR at Vernalis. Multiple regression of al the data collected from SIR
tributaries shows that ammonia, DOC, etc., are important in explaining tributary-to-tributary
variations in chlorophyll a and BOD. However, examination of the data collected at Mossdae
shows that the concentrations of chlorophyll a and pheophytin a are the only significant factors
causing oxygen demand. Foe (pers. comm., 2002) interprets this to mean that the BOD
constituents from other sources of BOD in the tributaries have been largely oxidized by the time
they arrive at Mossdale, leaving algae as the primary source of BOD at Mossdale.

One of the issues of particular concern is the role of growth of algae in the SIR between where
Mud and Salt Sloughs discharge to the SIR and Mossdale. If there was no growth of algae in the
SIR between where Mud and Salt Sloughs enter the SIR and VernaisMossdale, then the
eastside rivers would dilute the planktonic algal chlorophyll a present in the River. However, it
appears, from the chlorophyll a concentrations found along the SJIR, that the amount of growth
that occurs about equals the amount of low-algal water added from the eastside rivers during the
summer and early fall months. This finding supports the Foe, et al. (2002) algal growth model
discussed in the Strawman, which shows that there was an apparent doubling of the algal
populationsin the SIR every day and a half to three days during the study period.

Hutton (2002) conducted modeling studies of flow and algal growth dynamics in the SIR
upstream of Mossdale in which the DWR DSM2 flow model was expanded to include a water
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guality component. This modeling was to be done in cooperation with CALFED-funded
HydroQual modeling. The results of this modeling have been delayed due to contracting
problems between CALFED and HydroQual. According to Hutton (2002), the purpose of his
2001 studies was,

“to develop a ‘stand-alone’ version of the DSVI2 model for the upper San Joaquin River
(SJR). This stand-alone model, herein referred to as the San Joaquin River Smulation
Model (SIRSM), was developed, tested and furnished to the Technical Advisory
Committee and is much faster and easier to use than the complete DSM2 model. In
addition to simulating hydrodynamics and salt transport, SIRSM allows for the
simulation of dissolved oxygen, temperature, and other non-conservative constituents in
the San Joaquin River upstream of Vernalis. It is anticipated that HydroQual, Inc., as
part of the 2002 directed action studies, will conduct the necessary calibration and
validation to simulate these water quality constituents.”

As aresult of Hutton terminating his association with DWR, the responsibility for this modeling
has now been assumed by Rajbhandari.

While the box model calculations by Foe, et al. (2002) of algal concentrations/oxygen demand
along the SJIR between the Merced River and Mossdal e describe the situations that have occurred
during the summer/fall 2000 and 2001, this approach does not provide the information needed to
predict how altering the oxygen demand/algal concentrations in the SJR upstream of the Merced
River will impact the oxygen demand load that enters the DWSC. This information is essential
to reliably predicting how control of algae and other oxygen demand constituents in the Mud and
Salt Slough watersheds as well as in the SIR upstream of Lander Avenue will impact the oxygen
demand loads that enter the DWSC. The DWR HydroQual modeling effort has the potential of
providing this type of information.

The SIR chlorophyll pattern (see Figure 21) that evolved from both the Foe, et al. (2002)
Strawman analysis and the USGS/UCD data presented by Dileanis (2002) of the mainstem and
tributary monitoring of the SJR during the summer/fall 2000-2001 is one of Mud and Salt
Sloughs, as well as the SIR at Lander Avenue discharging (containing) high concentrations of
planktonic algae. The planktonic algae measured as chlorophyll a is correlated with the BOD of
the sample. These algae develop in the Mud and Salt Slough and SIR upstream of Lander
Avenue watersheds based on nutrients discharged to the tributaries within the watershed. Asthe
watersin the SIR travel over the three-or-so-day travel time from Mud and Salt Slough discharge
points just upstream of where the Merced River enters the SIR to VernalisMossdale, there is
additional algal growth based on the algal populations that are present in the headwaters near
where Mud and Salt Sloughs enter the SJR. The net result is that from 50 to at times as much as
80 percent of the planktonic algae and BOD at Mossdale has its origin in the discharges from
Mud and Salt Sloughs and the SIR at Lander Avenue.

As discussed below, during the irrigation season (May through September), part of the algal load
present in the SIR upstream of Vernalisis diverted by the 30 or so percent of the SIR agricultural
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diversions (reported by Quinn and Tulloch, 2002). These diversions change the total load of
algae at various locations in the SIR by removing total algal load from the River. They do not
change the concentrations of algae in the River. The eastside rivers add low-algal water to the
SJR, and thereby increase the total flow of the SJR. The additions tend to dilute the planktonic
algal concentrationsin the SIR from those present just upstream of where an eastside river enters
the SJIR; however, since the mixture of the eastside rivers coupled with the upstream SIR waters
still contain significantly surplus available forms of nitrogen and phosphorus derived from
upstream sources, there is substantial growth of planktonic algae in the SJR.

Since the eastside rivers during the summer and fall tend to be low in turbidity (suspended
solids), they would tend to dilute the turbidity within the SIR, thereby promoting algal growth in
the SIR because of the potential for increased light penetration below where the eastside rivers
enter the SJIR. At this time, the potentia role of the low turbidity in the eastside rivers in
allowing greater algal growth is an issue of concern. Dileanis (pers. comm., 2002) has indicated
that he is investigating this area and will report on it a alater time. Hisinitial findings include
that the Secchi depth (a measure of light penetration) in the SIR increases from the Merced River
location to Vernalis. The suspended solids in the River decrease from the Mud and Salt Slough
discharge areato Vernalis. Thisincreased water clarity would likely be due to the input of low
turbidity water from the eastside rivers that would tend to reduce the light limitation governing
alga growth in the SJR, promoting even greater growth of algae than that which occurs in the
upstream parts of the SIR near the Merced River.

|EP Database Statistical Analyses. Van Nieuwenhuyse (2002) conducted a statistical analysis of
the 19 years of data that have been collected as part of the Interagency Ecological Program (IEP)
monitoring of the Delta and its tributaries, to evaluate the effects on Delta water quality of South
Delta water exports to Central and Southern California. This compliance monitoring program
was started in 1983. It has consisted of detailed monitoring of certain parameters at selected
locations, such as the continuous monitoring station on the SJR at the northern end of Rough and
Ready Island. There has also been monthly sampling of the water near this location for a variety
of parameters, including planktonic algal chlorophyll a. In addition, there has been monitoring
of the SIR at Vernalis. This database is almost unequaled for long-term record of water quality
monitoring of waterbodies in California. The database used by Van Nieuwenhuyse (2002) is an
independent database from that used by Foe, et al. (2002) in the Strawman analysis and by
Dileanis (2002) in developing Figures 21 and 22.

Van Nieuwenhuyse (2002) examined all data collected in the IEP monitoring program that are
potentially relevant to the DO depletion situation in the SIR DWSC. This included the
winter/spring data, as well as the summer/fall data. The parameters on which he focused were
those that are potentially influential in causing DO depletion within the DWSC. These include
planktonic algal chlorophyll a at Vernalis, the city of Stockton’s reported ammonia discharges to
the SJR just upstream of the DWSC, and planktonic algal concentrations present in the SIR just
downstream of Rough and Ready Island. He also used the Rough and Ready Island continuous
monitoring data to examine the DO depletion that occurs at this location. These data were used
as an index to minimum DO concentrations that occur throughout the DWSC.
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As discussed elsewhere in this Synthesis Report, the DO monitoring that occurs at the DWR
Rough and Ready Island continuous monitoring station provides a reasonable assessment of the
DO depletion that occurs in the DWSC near Rough and Ready Island with respect to the upper
part of the water column. It does not properly reflect the magnitude of DO depletion that occurs
near the bottom of the DWSC. Further, the DWR monitoring station has been found (see
Stringfellow, 2001) to underestimate to some extent the DO concentrations in the surface waters
in the DWSC at the monitoring station location. The magnitude of this underestimation will
likely depend on time of day, tidal stage, algal biomass and sunlight intensity. It also does not
reliably address the situations where, during higher flows of the SJR through the DWSC, the
point of maximum DO depletion occurs further downstream of Rough and Ready Island. These
issues are discussed further by Foe, et al. (2002) and elsewhere in this Synthesis Report, with
particular reference to the monitoring that has been conducted by DWR in the Hayes cruises.

One of Van Nieuwenhuyse's (2002) conclusions is that there is a strong negative correlation
between DO concentrations at Rough and Ready Island (from the IEP database) and the
planktonic algal chlorophyll a that is present in the SIR at Vernalis. This conclusion is the same
asthat reported by Foe, et al. (2002).

Van Nieuwenhuyse (2002) found that ammonia loading from the city of Stockton was not
significantly correlated with minimum DO,; its effect only became apparent once the variation
due to other factors had been accounted for. This partial effect was negative. Also, his analysis
indicated that minimum DO increased with flow at Vernalis, however, increasing SIR at
Verndis flow did not perform as well as reducing ammonia loading as a way to reduce the
amount of aeration required to meet a 5 mg/L DO water quality objective. Reducing ammonia
also performed much better than reducing upstream algal biomass. These findings would seem
to contradict the results of the last three years' studies by the TAC, especially the box model
results and the Chen-Systech model results.

Van Nieuwenhuyse (2002) investigated, using statistical evaluation techniques, the potential
impacts of altering various factors that influence low DO in the DWSC. He found that the best
performing alternative would be to impose a 2 mg/L NH4 N effluent limit on the city of
Stockton’s wastewater treatment facility and to cut in haf the upstream chlorophyll
concentration at Vernalis. According to his analysis, by adopting this approach the low-DO
problem in the DWSC could essentially be controlled using just point and nonpoint source
pollution control methods. He noted, however, that no realistic combination of management
aternatives is likely to guarantee year-round compliance with a 5 mg/L DO objective.
Consequently, artificial aeration will probably be required during some months of most years.
He stated that management scenarios that include reduction of ammonia loading may benefit
salmon more than other management actions because reducing ammonia loading would shift the
timing of maximum DO deficits from fall to summer. Under the current situation, the City’s
high ammonia loads typically occur each fall at atime that is of critical importance to the fall run
of Chinook salmon through the DWSC to their home stream waters.
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Leland, et al. (2001) reported on the distribution of algae in the San Joaquin River relative to
nutrient supply, salinity and other factors. They found that the phytoplankton in the San Joaguin
River were primarily centric diatoms, and indicated that the growth of these phytoplankton was
found to be limited more by light and flow regime than nutrient supply. Lehman (2002) has
reported that the SIR upstream of Vernalis frequently shows substantial changes in the types of
algae that are present in the River over short periods of time. These changes may be due to
variable inputs of upstream water from the Mud and Salt Slough and SIJR at Lander Avenue
watersheds, which contain different types of algae that are manifested in the SJIR as patches of a
certain type of algae that are carried downstream.

Additional information on phytoplankton dynamics and planktonic algal chlorophyll a in the
Delta has been provided by Ball (1987). Further, Jassby and Cloern (2000) have presented a
review of the significance of organic matter, which is principally algal and other sources, as part
of the trophic structure of the Delta. Woodard (2000) has reviewed the TOC and DOC data that
have been collected over the years in the tributaries to the Delta and within the Delta. These
various studies point to the SIR upstream of Mossdale as being an important source of organic
carbon for the Delta, and show that an appreciable part of this organic carbon isin the form of
algae and algal remains (detritus).

Urban Stormwater Runoff as a Source of Oxygen Demand for the DWSC. In the Lee and
Jones-Lee (2000a) “Issues’ report and initial draft of this report, issues were raised about the
potential significance of urban stormwater runoff as a source of oxygen demand for the DWSC
during the fall. At the time of preparation of those reports, information was not available on the
amounts of oxygen demand and the frequency and magnitude of storms that typically occur in
the fall that can contribute to the low-DO episodes that occur in the San Joaquin River Deep
Water Ship Channel. DO depletion problems below the water quality objective have been found
in every month. They occur most frequently during the summer and fall, up through late
November and early December. While the summer months and early fall are typically periods of
no precipitation, there are storms that |ead to substantial runoff during mid- to late fall that would
be contributing urban stormwater runoff-derived constituents to the San Joaquin River and/or the
Deep Water Ship Channel. Recently, as part of another TMDL effort (Lee and Jones-Lee,
2002b), the authors have had the opportunity to gain background information on summer-fall
precipitation events in the Stockton area, as well as the magnitude of BOD and nutrients present
in urban stormwater runoff from Stockton. This section summarizes the findings with respect to
the estimated magnitude of oxygen demand loads from the city of Stockton that could be
occurring in afall stormwater runoff event.

Studies across the country, as well as in Stockton and in Sacramento, have found that urban
stormwater runoff typically contains from 10 to 15 mg/L of BODs. City of Stockton 1992-1997
data had a median event mean concentration of BODs of 14 mg/L (Stockton, 1998). From the
information provided by the city of Stockton (2000) to the CVRWQCB in its annual NPDES
stormwater runoff water quality monitoring reports, it is found that a 0.54-inch storm over a 2-
day period produced 485,000 cf of runoff from 533 acres. This translates to about 1.4 x 10” L of
runoff from 533 acres. The monitored area consisted of 533 acres (2.2 x 10° m?) of residential
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area. Therefore, the runoff from a 2-day, half-inch storm contains about 1.3 x 10" mg of BODs.
This translates to a BODs export coefficient of 93 mg BODs/m? of runoff area.

According to the city of Stockton website, the City occupies 56 sq mi. There are 2.6 x 10° m?
per sq mi; therefore, the city of Stockton occupies 1.4 x 10° m% If it is assumed that all of
Stockton’s area exports BODs at about the same rate as the monitored areas, a half-inch storm
would contribute about 1.3 x 10" mg BODs/stormwater runoff event or about 1.3 x 10* kg,
which is 2.9 x 10* Ib BODs/stormwater runoff event discharged to the DWSC.

Using a factor of 2.5 to convert BODs to BOD,, 7.3 x 10* Ib of BOD,, could be added to the
DWSC by a stormwater runoff event from the city of Stockton.

The city of Stockton stormwater runoff has been found to contain about 0.6 mg/L of ammonia
nitrogen and 2.2 mg/L of total Kjeldahl nitrogen. Using a factor of 4.5 to convert organic and
ammonia nitrogen to ultimate oxygen demand (NBOD,), and assuming that 1 mg/L of the
Kjeldahl nitrogen could be converted to nitrate in the DWSC upstream of Turner Cut, it is found
that the NBOD,, from the nitrogen in stormwater runoff would amount to about 4 x 10° kg of
NBOD, or 8.8 x 10° Ib of NBOD,, added to the DWSC in a half-inch stormwater runoff event.
One mg/L was used rather than 2.2 mg/L, since the BODs measurements included some of the
nitrogenous BOD.

Therefore, on the order of 81,000 Ib of total BOD,, could be added to the DWSC associated with
a half-inch stormwater runoff event in the city of Stockton. Actualy, the amount would be
larger than this since scour within the storm sewers and within the drainage channels (sloughs)
would contribute additional oxygen demand load to the DWSC.

As discussed above, during the fall, based on the 1999-2001 monitoring conducted by the city of
Stockton, the combined city of Stockton wastewater and SIR Mossdale BOD,, load to the DWSC
was on the order of 50,000 to 80,000 Ib/day of BOD,,.

The conclusion is that fall stormwater runoff events in the city of Stockton have the potential to
add a significant amount of BOD,, to the DWSC. It is concluded that event-based sampling of
the DWSC should occur in the fall just prior to and for about two weeks following stormwater
runoff events to determine if the pulse of BOD added to the DWSC by the stormwater runoff
event causes significant additional DO depletion. This problem would be more acute during
lower SIR flow through the DWSC, where the residence time for BOD exertion would be longer.
There would be need to consider whether a half-inch or so storm would significantly change the
hydraulic residence time of the DWSC. Further, runoff from upstream areas could contribute
additional BOD load to the DWSC following arainfall runoff event.

Precipitation in Stockton. The city of Stockton website, www.stockton.org, contains a link to
NOAA “Climate Summary for Stockton.” This summary indicates that on the average
September has 0.3 in of precipitation with a maximum of 3.0 in. In October the mean
precipitation is 0.7 in with a maximum of 2.2 in. In November the mean precipitation is 1.8 in
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with a maximum of 6.2 in. Therefore, in some years there are rainfal runoff events in the fall
that could transport substantial oxygen demand load to the DWSC from Stockton and from
upstream urban and other sources.

DeltaKeeper Dissolved Oxygen Study 2002-2003. During the fall of 1996 and the fal and
winter of 1999-2000, DeltaKeeper collected dissolved oxygen (DO) data on several City of
Stockton waterways. DeltaKeeper data from 1999-2000 and 1996 show low-DO problems in
Stockton sloughs in those years. A review of the DeltaKeeper data shows that 24-48 hours
following a rain event, DO concentrations in Stockton waterways frequently drop below the 5
mg/L aquatic life water quality objective contained in the Basin Plan. Chen and Tsai (1999)
conducted a study of dissolved oxygen in Smith Canal (a Stockton slough) after stormwater
runoff events. The study showed that during or soon after a stormwater runoff event, the water
in Smith Canal was significantly impacted; DO levels dropped to approximately 1mg/L about
two days after initiation of the event.

During the fall and winter of 2002-2003, beginning with the first storm event on November 6,
DeltaKeeper collected dissolved oxygen data on seven Stockton waterways. In October and
early November 2002 baseline data were collected for five consecutive days at the seven study
sites. Baseline data were collected mainly during low outgoing tides and occasionally at high
tide. Storm runoff event data collection commenced the first day of arain event and monitoring
continued for 5 to 10 consecutive days at each site or until DO readings rebounded. Storm event
data was collected at low (ebb) tide at each site and also at high tide at one or two of those sites
during 2 to 3 days of the sampling period.

DeltaK egper dissolved oxygen sampling sites during 2002-2003
1) Mosher Slough - Mariners Drive bridge at 1-5
2) Bear Creek —at Laughlin Park levee
3) Five Mile Slough - at Plymouth Road bridge
4) Calaveras River —at UOP footbridge
5) Smith Canal at Pershing Ave. bridge
6) Mormon Slough — at Lincoln Street bridge
7) Walker Slough —at Manthey Road bridge and at I-5

Monitoring was performed by DeltaKeeper staff and/or trained certified volunteers. Field
parameter measurements were made using the Hach portable turbidimeter and one of the Y S|
600xls, or Hydrolab Surveyor 4 multimeters. All sampling crews followed the safety
precautions and sample collection protocol outlined in the QA/QC. Multimeters and the
turbidimeter were calibrated daily during the sampling period prior to each sampling run. The
multimeters DO membranes were changed after each sampling trip and recalibrated no less than
12 hours later (after the membrane had had a chance to soak in deionized water). Multimeters
were calibrated in the field at each sampling site. Once each month, multimeters were also
calibrated using the azide modification of the Winkler method contained in the LaMotte
dissolved oxygen titration kit. The data collected in the 2002 city of Stockton studies are
presented in Figure 23.
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There is a consistent pattern for each of the sampling locations, where prior to the stormwater
runoff beginning on November 6, the DO concentration was 6 to about 10 mg/L. Following the
stormwater runoff the DO rapidly decreased to about 1 to 3 mg/L. As shown in Figure 23 the
DO did not return to prior to the storm concentration for severa days to several weeks.
Associated with the decrease in DO there were severe fish kills in several of the Stockton
waterways. Appendix D presents the DWR RRI monitoring data for 2002 through early 2003.
Examination of these data shows that, following the large storm in early November 2002, which
produced substantial urban runoff from the city of Stockton to the DWSC, the DO concentrations
in the DWSC decreased to about 3 mg/L (see the November 2002 data in Appendix D). Prior to
the storm, the RRI DO was 7.5 to about 9 mg/L. The RRI measured DO did not return to
concentrations above the WQO until mid-December 2002. Examination of the DWR continuous
monitoring data collected at Mossdale showed the low-DO water was not being transported
down the SJR following the storm. It appeared that the storm-associated DWSC low DO
concentrations were of local origin to the DWSC.

Upstream Oxygen Demand Stormwater Runoff Sources. The studies of Kratzer and Biagtan
(1997) indicate that stormwater runoff from the cities in the SIR DWSC watershed could reach
the DWSC in several days after the rainfall runoff event. Part of the oxygen demand in
stormwater runoff from upstream cities will add to the BOD load of the DWSC. The same
situation also applies to stormwater runoff from other areas such as where municipal,
commercial, dairy, feedlot, industrial, and/or agricultural wastes are deposited on land that are
subject to stormwater runoff. The amount of the BOD load that reaches the DWSC depends on
the flow of the tributaries and the SIJR which, in turn, impacts to some extent the travel time from
where the stormwater runoff occurs to the DWSC.

An area of particular concern as a source of oxygen demand during stormwater runoff events for
the DWSC is French Camp Slough. French Camp Slough receives urban, commercial and
industrial runoff. Thisissueisreviewed by Lee and Jones-L ee (2000a).

In addition to the impact of the stormwater-runoff-derived BOD on the DWSC there can also be
impacts on the tributary’s DO. A common problem that occurs associated with stormwater
runoff is low DO following a rising hydrograph. The increased flow leads to increased velocity
in the stream which leads to scour of stream sediments and the suspension of inorganic oxygen
demand.

It is concluded that urban stormwater runoff in Stockton and other municipalities and from other
sources could contribute sufficient oxygen demand to the DWSC to contribute to DO depletion
in the DWSC. Thisis atopic area that needs attention during Phase | of the TMDL, in order to
evaluate the need to control BOD and other oxygen demand constituents in stormwater runoff
from urban and other land to prevent DO depletion below the water quality objective.

SIR Water Diversions. The SIR DWSC monitoring data collected over the years in the Hayes
cruises, the data collected in the past three years as part of the CALFED-supported studies, and
the water quality modeling data discussed above and below have al shown that flow of the SIR
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through the DWSC is a dominant factor in influencing DO depletion in the DWSC. Decreasesin
flow of the SIR through the DWSC increase the hydraulic residence time of oxygen-demanding
substances in the critica reach of the DWSC, thereby decreasing the oxygen demand
assimilative capacity of the DWSC. SJR flows through the DWSC in excess of about 2,000 cfs
would largely, if not completely, eliminate the DO violations below the water quality objective
in the DWSC. The flow of the SIR through the DWSC is highly dependent on upstream
reservoir releases of water and upstream diversions of water. All water diversions and managed
shifts from summer flow to spring flow that decrease the flow of the SJR through the DWSC
during the summer and fall below about 2,000 cfs contribute to the low-DO problem in the
DWSC. There are basically two types of diversions that need to be considered. One of these is
headwater/upstream diversions, and the other is diversions that take place within the Valley
floor.

There are several major upstream diversions, such as the CVP at Friant Dam, the city of San
Francisco and various irrigation districts, that are potential contributors to the low-DO problem.
The effects of the CVP on the southern Delta water supply are discussed in a report (WPRS,
1980). At this time there is an inadequate understanding of the impact of these upstream
diversions on the flow of the SJR through the DWSC during the summer and fall months and
therefore the magnitude of the DO depletion below the WQO associated with these diversions.

The federal Central Valley Project (CVP) and State Water Project (SWP) export through the
Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs of South
Delta water to Central and Southern California. The export pumps artificially change the flows
in the South Delta which results in more of the San Joaquin River going through Old River.
These Old River diversions can significantly reduce the SIJR flow through the DWSC, thereby
directly contributing to the low-DO problem in the DWSC during the summer and fall.

In addition to diversion of SJR and its tributary waters, which reduces the flow of the eastside
rivers into the SJR, there are appreciable diversions of the SIR along its length from the Merced
River to the DWSC. Quinn and Tulloch (2002) have reported on their assessment of these
diversions. They report that during 1999, 2000 and 2001, the Patterson Irrigation District, West
Stanislaus Irrigation District, El-Solyo Water District and Banta Carbona Water District divert
about 500 cfs from the SIR during the months of May through August. The Patterson diversion
is located near Patterson, California, about 1,000 ft downstream of the SIR Patterson gage. The
West Stanislaus Irrigation District intake is located between Patterson, California, and where the
Tuolumne River discharges to the SIR. The El-Solyo intake is located just downstream of the
SIR Maze gage. The Banta Carbona Water District intake is located between Vernalis and
Mossdale.

During the summer the three upstream of Vernalis diversions divert an average of about 400 cfs.
In September, the total irrigation/water districts diversion of water decreased to about 188 cfs,
while in October, diversions amounted to about 50 cfs. With a SIR flow at Vernalis during the
same period of about 1,000 to 2,000 cfs, the irrigation districts diversions diverted between 25
and 50 percent of the SIR flow at VernalisMossdale. Some of this diverted irrigation water is
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returned to the SJR in tailwater returns. Quinn and Tulloch (2002) estimate that during July the
irrigation return waters to the SJIR represent about 60 cfs, which is about 15 percent of the water
diverted.

Quinn (pers. comm., 2002) indicated that the CVRWQCB estimates the groundwater inflow to
the SJR to be about 4.7 cfs/mile. Therefore, in the SIR reach from Patterson to Vernalis (about
15 river miles) the groundwater would add about 70 cfs to the SIR flow. Additional information
on the quantity and quality of groundwater inflow to the SIR has been provided by Phillips, et al.
(1991).

If it is assumed that the SIR water that is diverted contains about 6 mg/L of BOD1, the total
BOD load removed from the SIJR by the agricultural diversions is about 31,500 Ib/day. This
represents a substantial reduction in the total BOD, load that is diverted from the SIR by
agricultural diversions. Therefore, the agricultural irrigation diversions are detrimental to the
DO problem within the DWSC to the extent that these diversions reduce the flow of the SIR
through the DWSC. However, these agricultural diversions are beneficial to the DO problem in
the DWSC as aresult of removing a substantial algal (BOD,)) load from the DWSC.

Upstream Wastewater Sources. The oxygen demand loads of the city of Stockton’s discharge of
about 45 cfs of treated domestic wastewaters to the SIR just upstream of where the SIR enters
the DWSC have been quantified. Of particular importance is the City’s discharge of elevated
concentrations of ammonia which can exert a significant oxygen demand in the DWSC. There
are, however, a number of upstream of Mossdale municipal and commercia/industrial
wastewater sources that have the potential to add oxygen demand to the SIR and thereby,
increase the DO depletion problem in the DWSC. Quinn and Tulloch (2002) have reviewed the
existing information on these sources.

With the exception of Manteca (6 mgd) and Turlock (10.4 mgd), the CVRWQCB NPDES
wastewater discharge permits for municipal and industrial discharges in the SIR watershed above
Vernalis generally prohibit wastewater discharges to the SIJR and its tributaries during the
summer and early fall. According to Tulloch (pers. comm., 2002), Los Banos and Merced
wastewaters do not reach the SIR because of agricultural diversions or infiltration. Modesto’s
NPDES wastewater discharge permit requires that it discharge its wastewaters to land irrigation
systems during the summer and early fall. These land irrigation systems do not have direct
discharge to the SIR or its tributaries. There may, however, be groundwater transport of
nutrients, especialy nitrate, from the wastewater irrigation areas to the SJR or its tributaries
during the summer months.

Tracy discharges its wastewaters to the South Delta, which at this time do not enter the SIR
DWSC. That situation could change if the reverse-flow pumping of South Delta waters into the
SIR via Old River is initiated. Further, according to Foe (pers. comm., 2002), Lathrop and
Mountain House have proposed NPDES wastewater discharge permits. Mountain House would
discharge to Old River, while Lathrop would discharge to the SIR upstream of the DWSC.
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Aswith agricultural land stormwater runoff, the lack of rainfall during the summer and early fall
prevents stormwater runoff from municipa and industrial areas in the SIR watershed from being
a major contributor to summer and fall loads of oxygen demand materials to the SIR and its
tributaries. As discussed above, however, mid-fall rain could transport oxygen demand materials
from municipal and industrial wastewater management areas in stormwater runoff that could add
to the mid- to late fall low-DO problemsin the DWSC.

Generaly, it can be concluded that since the large municipalities in the SIR watershed upstream
of Vernalis, such as Modesto and Merced, do not discharge domestic wastewaters to the SIR or
its tributaries during the summer and early fall months, these municipalities are not major direct
causes of the summer/fall low-DO problem in the DWSC. However, the wastewater discharges
from these cities may contribute to the low-DO problem at other times of the year.

Significance of the Mud and Salt Slough and SIR Upstream of Lander Avenue Watersheds.
Evaluation of the data collected in the summer/fall of 2000 and 2001 of the SIR upstream of
Vernalis has shown that two of the SJIR tributaries, Mud Slough and Salt Slough, and the SIR
upstream of Lander Avenue (Highway 165) are the primary sources of algae that ultimately, after
several days of transport with additional growth in the SJR, lead to the high algal related oxygen
demand that causes DO depletion below the water quality objective in the DWSC. At times, up
to about 80 percent of the oxygen demand load to the DWSC at Mossdale is derived from these
three sources.

McGahan (pers. comm., 2002) has provided the following information on the Mud and Salt
Slough and SJR upstream of Lander Avenue watersheds. The “Grassland Drainage Ared’ is
only a small portion of the watershed that discharges out Mud and Salt Slough into the San
Joaquin River. The Grassland Drainage Areaisa 97,000-acre agricultural areawith 40,000 acres
of subsurface drains that discharges out the San Luis Drain. All of this flow goes into Mud
Slough, along with other flows outside of the Grassland Drainage Area. Flows from the
Grassland Drainage Area in water year 2000 were 31,260 acre-feet. The total flows from Mud
and Salt Slough were 235,490 acre-feet. The Grassland Drainage Area therefore discharged 13
percent of the flow from these two combined sites, and this does not include the flow
contribution from the San Joaquin River at Lander Avenue (Hwy 165).

The Mud and Salt Slough watersheds are an important source of other pollutants, including
selenium, boron, and salt (TDS). According to McGahan (pers. comm., 2002), the flows from
the Grassland Drainage Area have been reduced significantly (47 percent from historical flows)
due to the current selenium reduction program over the last five-year period. It will be important
in developing the TMDL s to manage the water quality problems in discharges from the Mud and
Salt Slough watersheds to integrate the various control programs for selenium, boron and TDS
with nutrient/algae control programs so that they do not exacerbate the low-DO problem in the
DWSC.

Thus far, studies conducted by Stringfellow and Quinn (2002) within the Mud and Salt Slough
watersheds during the summer/fall 2000 have shown that the primary source of algal nutrients
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(nitrogen and phosphorus compounds) that lead to high algal concentrations/loads at the mouths
of Mud and Salt Sloughs where they enter the SIR, is water derived from agricultural activities.
These studies show that, at least during the summer/fall of 2001, the public and private wildlife
refuges were not major sources of nutrients and algae compared to the agricultural drain waters
during the summer months.

Johnston, et al. (1965) made measurements of the nitrogen and phosphorus content of tile
drainage waters in the San Joaquin Valley near Fresno, California. While the purpose of their
study was to investigate the losses of fertilizer, it provides information on the potentia for tile
drain waters to serve as a source of nutrients which can lead to algal growth problems and
thereby development of oxygen demand in the waters downstream of thetile drains. Johnston, et
al., studied tile drains from 11 systems on the west side of the San Joaguin Valley, including
seven in Fresno, three in Merced and one in Stanislaus County. Based on the study of a number
of different tile drain systems, Johnston, et al., reported that the nitrogen content of the drainage
effluent ranged from 2 to 14 mg/L N. The phosphorus concentrations in tile drain water ranged
from 0.053 to 0.23 mg/L P.

While Johnston, et al., characterized the phosphorus losses as small compared to the fertilizers
applied, the concentrations of both N and P in the tile drain waters are sufficient to represent a
potentially significant source of nutrients which would stimulate the growth of algae. This
particular situation is of concern in the Mud and Salt Slough watershed areas, where discharges
from the tile drains potentialy represent a starting point for the development of the algae that
become the important seed to cause Mud and Salt Sloughs to have high concentrations of algal-
derived oxygen demand.

Kratzer and Shelton (1998) reviewed the studies conducted in the late 1980s on the sources of
nutrients and suspended sediment in the surface waters of the San Joaquin River watershed.
They reported that the approximate nutrient concentrations in agricultural irrigation tailwater
(surface return flow) were nitrate at 6 mg/L N, ammonia at 0.1 mg/L N, orthophosphate at 0.2
mg/L P and total phosphorus at 0.4 mg/L P. Subsurface agricultural drainage (tile drains) was
reported by Kratzer and Shelton, based on the California Department of Water Resources (1975)
report, to contain nitrate at 25 mg/L N, ammonia at 0.2 mg/L N, orthophosphate at 0.05 mg/L P
and total phosphorus at 0.1 mg/L P. These results are in general agreement with those reported
by Johnston, et al. (1965). It isevident that agricultural tailwater and tile drain water can contain
sufficient N and P to stimulate substantial growth of planktonic algae. The Mud and Salt Slough
watershed taillwater and tile drain water will need to be investigated with regard to their
contribution of nutrients that stimulate the growth of algae in the headwaters of the Mud and Salt
Slough watersheds, that in turn lead to the high concentrations of algae and BOD at the point
where Mud and Salt Sloughs discharge to the SJIR.

Eastside Rivers. The Tuolumne, Stanislaus, and Merced Rivers (eastside rivers), bring high-
guality Sierra Nevada mountain-derived waters into the SJR. These eastside rivers have been
found to have alow algal and oxygen demand content. The addition of eastside river water to
the SJR in the summer and fall can be a major asset to controlling the low-DO problem in the
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DWSC, since this low algal content water dilutes the high algal content water of the SJR, and
thereby reduces the concentration/load of oxygen demand to the DWSC.

Water Quality Modeling

Several modeling approaches have been used in this study of oxygen demand sources and their
impacts on the DO in the DWSC. They include spreadsheet mass-balance box-model
calculations, which relate oxygen demand loads to DO deficit in the DWSC. The results of these
box model calculations were presented above. A similar box-model approach was used by Foe,
et al. (2002) to determine the major sources of oxygen demand that enter the SIR upstream of
Mossdale. Further, statistical evaluation of the 19-year | EP database has been conducted by Van
Nieuwenhuyse (2002). The results of his studies have been presented above. Also, an estimate
has been made of the expected algae and BOD concentrations in the DWSC that should be
present if al of the algae within the DWSC developed in the DWSC. These results are presented
in a subsequent section.

Evaluation of Oxygen Demand Rate Constants. Litton (2001, 2003) and Foe, et al. (2002) have
conducted long-term BOD tests. Litton (2003) has used these results to characterize the BOD
exertion during the BOD test. Typicaly, the BOD reaction is formulated as a first-order
exponential reaction, where the instantaneous rate of BOD decay is proportiona to the BOD
remaining in the sample. Thisrelationship is described by Chapra (1997), Thomann and Mueller
(1987) and Bowieg, et al. (1985), and is shown in equation (4).

dL/dt = -kL 4
Where L is the amount of BOD remaining to be oxidized.
This equation integrates to

L=Loxe"

Where L istheinitial amount of BOD in the sample at the beginning of the test, and
k isthe BOD exertion rate constant, with units of “per day.”

Litton (2003) has indicated that the ratio of BOD, to BODs is
BOD/BODs = 1/(1! €4™%) (5)
Where BOD, is the ultimate (long-term) BOD in the sample.

Litton’s 2001 BOD exertion rate constants and associated multipliers are shown in Table 16.
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Table 16
2001 M ean and Standard Deviation of the First-Order BOD Decay Constants at 20°C

L ocation k at 20°C (d™ BOD./BODs
mean std. dev.
BOD / CBOD /NBOD|BOD / CBOD /NBOD|BOD / CBOD / NBOD
San Joaauin River 0.087/0.11/0.057 0.019/0.022 /0.017 28/24/4.0
DWSC 0.094/0.11/0.076 0.034/ 0.023/0.038 2.7124/3.2

From Litton (2003)

According to Litton, a reasonable BOD,/BODs multiplier for the DWSC 2001 data is estimated
to be 2.75 at 20°C. The multiplier for CBOD is 2.4, which was estimated from nitrogen-
inhibited BOD bottle data.

Chen and Tsai (2002), in their Chen-Systech model of the DWSC, have reported using a BODs
decay constant of 0.1 per day, aBOD, to BODs ratio of 2.54, an ammonia decay constant of 0.05
per day and a DO to ammonia ratio of 4.57. According to Bowie, et al. (1985), the Chen and
Tsai values are typical of what are normally used in oxygen demand modeling. They are,
however, somewhat higher than those found by Litton for the SIR and the DWSC during 2001.
It is unclear at this time if the differences are sufficient to cause significant deviations between
the loads of oxygen demand to the DWSC and the DO responses found, compared to those
predicted by the Chen and Tsai modeling.

Since the BOD measurements are made at 20°C, there is need to correct the rate of BOD exertion
for the impact of temperature on this rate. Normally, the impact of temperature on BOD rate
constants is corrected through equation (6):

kT = kZOO(T'ZO) (6)

Where kr isthe rate constant at temperature T,
k2o iSthe rate constant at 20°C, and
0 isan empirical coefficient.

The typical value of 6 used in BOD modeling is 1.047. Since temperatures as high as 28°C are
sometimes found in the DWSC, a 20°C 0.1 rate constant becomes 0.144 at 28°C. Asaresult, a
BOD, of 10 mg/L at Channel Point would exert over a 10-day period about 6.3 mg/L of oxygen
demand at 20°C, while at 28°C, the BOD exerted would be 7.5 mg/L. Since most of the time
during the summer there is not an eight-degree temperature differential between 20°C and the
DWSC temperature, the magnitude of temperature impact on BOD exertion in the DWSC is a
fraction of amg/L.

As discussed above, there is concern that assessing the BOD of agae in a five-day test may
underestimate the long-term BOD of the water. Fitzgerald (1964) reported that assessing the
BOD of algae often shows a significant lag between the start of the test and the initiation of
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oxygen depletion. Fitzgerald's studies showed that this lag-time was the period of time over
which the algae die in the BOD bottle. Fitzgerald found that algae that have been held in the
dark have the potential to immediately start photosynthesis upon exposure to light. The lag
period during which agae die can be several days to several weeks, depending on the type of
algae and other factors. Examination of the long-term BOD tests that Litton (2001, 2003) and
Foe, et al. (2002) conducted showed a smooth regression from the beginning of the test —i.e., no

lag.

Deterministic Modeling of Oxygen Demand L oad-Response Relationships for the DWSC. The
DWSC and the SIR, aimost to Vernalis, are part of a freshwater tidal system where tidal flows,
ranging from 2,000 to about 4,000 cfs, occur through the DWSC each day. In addition, thereis
the downstream flow of the SIR through the DWSC which can range from a negative (upstream
to Old River) flow to a few thousand cfs downstream. This creates a complex flow system that
must be properly modeled in order to assess the impacts of altered oxygen demand load from
various sources on DO depletion in the DWSC.

In the mid-1990’s, the city of Stockton contracted with Systech Engineering (Dr. Carl Chen) to
develop a model that could be used to predict the impact of the City’s domestic wastewater
discharges to the SJR, just upstream of the DWSC, on the dissolved oxygen resources within the
DWSC. The city of Stockton model (Schanz and Chen, 1993; Chen and Tsai, 2002) of the SIR,
near the DWSC and the DWSC, is a deterministic model that describes the tidal and net SIR
flow through the DWSC and attempts, through a set of differential equations, to describe the
processes that govern DO depletion in the DWSC as a function of oxygen demand loads. This
model was reviewed by the US EPA (1999b) and found to be of appropriate structure. With the
initiation of these DO TMDL studies, the Chen model was modified so that it more appropriately
matched the DO depletion found in the summer/fall 1999 studies. Chen and Tsai (2002) have
reported on the modeling results obtained during the TAC studies. Generally, there was some
agreement with the general trends between the measured DO depletion at various times and
locations in the DWSC and the Chen model simulations of the DO during the summer/fall 1999.
There were aso some deviations between the tuned model simulation results and the field datato
which the model was tuned.

The improved Chen model, developed to simulate the 1999 data, was used to ssimulate the
dissolved oxygen conditions in the DWSC found during the summer/fall 2000. Again, the model
which had been tuned to 2000 results showed some similarity between the ssmulated values and
the measured values. However, in both 1999 and 2000, there were times when there was
relatively poor agreement between the modeled simulated results and the DO within the DWSC.
Similar problems occurred for other modeled constituents, such as nitrogen and phosphorus
compounds, planktonic algal chlorophyll a and several other parameters.

In winter 2001-2002, CALFED approved a limited amount of funds to support Chen to use his
current model to predict DO depletion in the DWSC, compared to the actual depletion that
occurred in the summer/fall 2001. Brown (2002b) reviewed the ability of the Chen and Tsai
model to simulate the DWSC 2001 conditions. Brown concluded,
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“ These sensitivity results suggest that the model needs additional calibration of the algae
growth, decay and settling processes that occur between Mossdale and the DWSC.
Smilarly, the VSS settling and re-suspension processes that occur between Mossdale
and the DWSC need additional calibration. Model simulations of the moderate decline in
algae, VSS, and DO concentrations between R3 and R5 appear to be much closer to the
measured data.

The Sockton DWSC water quality model is our most useful existing tool for integration
and systematic analysis and evaluation of alternative management actions. The existing
model should continue to be used to increase our understanding of the DWSC water
quality processes. The model equations and coefficient values have been improved from
the original model developed in 1993 for the City of Sockton. However, additional
simulations and integration of results from recent experiments performed by the
CALFED funded projects (e.g., Litton, 2003 and Lehman, 2002) should be made. The
recent peer review panel wondered why the existing model was not being used to provide
integration of field data and analysis of potential management actions. The existing
water quality model should be used until a more comprehensive alternative model is
available.”

There is considerable discussion in the modeling literature about how models should be
evaluated and used in water quality management programs. Chapra (2002), Reckhow and
Chapra (1983) and Oreskes, et al. (1994) have provided information on thisissue that is pertinent
to the development and evaluation of models that can be used in the SIR DO TMDL.

In the original CALFED proposal submitted in January 2001 to support the summer/fall 2001
studies, funding was budgeted to expand the Chen modeling of the DWSC through the use of a
real-time or near real-time forecasting modeling approach. From information that was to be
developed through the monitoring program of the loads of oxygen demand present at Mossdale
from SJIR upstream sources and discharged to the SJIR by the city of Stockton, studies were to be
conducted to determine whether the Chen model properly predicted the DO depletion that was
occurring in the DWSC. Since this was to be a forecasting modeling approach, discrepancies
between the predicted DO depletion and the measured DO depletion were to be used to modify
the Chen model to more properly ssimulate the field observations. Through this interactive
forecasting modeling approach, it was felt that by the fall 2001, a somewhat better simulation of
DO depletion for certain oxygen demand loads would be achieved. Unfortunately, the CALFED
Science Program chose not to support further work with the refinement of the Chen model
during the summer/fall 2001. This means that little progress has been made in modeling oxygen
demand load to the DWSC DO response in the DWSC during 2001 and 2002. Asdiscussed in a
subsequent section, the external peer reviewers concluded that the Chen modeling approach
originally proposed by the TAC in the 2001 Directed Action project should have been supported
and should be activated.
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One of the issues of concern to the CALFED Science Program management and their peer
review panel that reviewed the SIR Low-DO Directed Action proposal submitted in January
2001, was the belief that DO depletion in the DWSC could not be adequately modeled with a
one-dimensional model of the Chen model type. Since, at times, there is short-term stratification
that occurs within the DWSC, which is apparently related to somewhat lower dissolved oxygen
in the near-sediment waters, it was suggested that the modeling of oxygen demand load DO
depletion in the DWSC must be done with a two-dimensional model. It appears, however, that
the Science Program peer review panel/management did not adequately consider the transitory
nature of the stratification that occurs, and that its impact represents only a small part of the
DWSC volume that is of concern with respect to DO depletion within the DWSC. Further, it is
clear from the data available that the vertical stratification that has been found, particularly with
respect to particulate matter in the DWSC (see Jones & Stokes, 2000, 2001, 2002), is not related
to thermal stratification. It appears that this lack of vertical mixing is related to inadequate tidal
turbulence to cause the water column to fully mix.

CALFED has been in the process of contracting with HydroQual, a water quality consulting
modeling firm in New Jersey, and Monismith, et al. (2001) of Stanford University, University of
Cdlifornia, Davis, and USGS, to develop two-dimensional or, in the case of Monismith, et al.,
three-dimensional models of oxygen demand DO depletion for the DWSC. After ayear and a
half, the contracts have still not been finalized.

An important component of the HydroQual modeling is the interactions with DWR (formerly
Hutton, now Rajbhandari) in modeling the algae and oxygen demand loads that develop in the
SJIR upstream of Mossdale. As described by Hutton (2002), the HydroQual modeling will be
coupled to the DWR DSM2 model, which will enable tracking of algae and oxygen demand in
the SIR from where Mud and Salt Sloughs enter the SIR to Mossdale. This modeling effort
could be of value in helping to evaluate how altering algae and oxygen demand loads present in
the SJIR upstream of the Merced River would affect algae and oxygen demand loads in the SIR at
Mossdale. As discussed elsewhere in this report and by Foe, et al. (2002), while, at this time, it
appears that there is good correlation between algae and oxygen demand loads in the SIR
upstream of the Merced River that, when considering algal growth and diversions downstream of
the Merced River, correlates with the algae and oxygen demand loads at Mossdale, the coupling
between the upstream of Merced River and Mossdale loads of oxygen demand and algae is not
fully defined. The HydroQual/DWR DSM2 modeling has the potential of addressing thisissue.

Rajbhandari (2001) of the Department of Water Resources is developing a modification of the
DSM2 model for prediction of DO depletion in the DWSC. Further work on this model is being
conducted by DWR.

A factor that influences the reliability of simulating DO depletion in the DWSC from the
measured oxygen demand loads is that the various investigators, such as two different groups in
DWR and the city of Stockton, who have been making measurements of DO and other
parameters in the DWSC during the summer and fall, sometimes show differences between each
of their measured values at approximately the same time and location. A comparison of the city
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of Stockton with the Hayes cruise DO measurements in the summer/fall of 2000 showed that the
city of Stockton and the DWR Hayes monitoring of the DWSC DO were consistently about a
mg/L different at about the same time and location. The Hayes DO measurements were about a
mg/L higher than the city of Stockton DO measurements. This difference occurred in the DO 5
to 6 mg/L range, which is the critical range for these measurements. The mg/L difference in this
range could be the difference between violating or not violating the water quality objective.

In an effort to determine if there was a systematic error between the city of Stockton and the
Hayes cruise data DO measurements, a specia QA/QC study on DO measurements was
conducted in the summer 2001. These results, as reported in a subsequent section, do not show
such an error. The differences between the 2000 Hayes cruise data and the city of Stockton
measurements of DO are apparently related to the fact that the city of Stockton DO
measurements are made at mid-depth, while the Hayes cruise data measurements are made near
the surface and near the bottom. Frequently the DWSC surface DO concentrations are a mg/L or
more higher than at mid-depth. The Chen and Tsai (2002) model results predict a mid-depth
DO, and should agree with the city of Stockton measurements, and be somewhat different than
the surface water DO measurements made during the Hayes cruises.

It is also not clear whether the problems with the Chen-Systech model being able to be tuned to
the whole dataset for a particular situation are due to the variability of the input parameters or
fundamental problems with the modeling processes. It is apparent that, in order to potentially
make the modeling effort more reliable, a much more comprehensive monitoring program of the
oxygen demand loads to the DWSC and the DO responses to these loads as a function of
parameters that influence responses must be obtained. There is need to plan the monitoring
program for the Phase | implementation, to develop the database needed so that, during Phase I,
the modeling can be improved. Of particular concern is the need to increase the frequency of
monitoring from the current grab sample every two weeksto at least a sample every week and, in
some cases, twice aweek. Further, there is need to conduct a number of diel studies of the water
column at various locations within the SIR upstream of the DWSC and, especialy, within the
DWSC.

An issue of particular concern to many of the stakeholders in the SIR DWSC watershed, who
potentially face spending large amounts of funds to control the oxygen demand problem, is
whether the current Chen model is sufficiently reliable to provide guidance on how best to
manage the low-DO problem in the DWSC. If the TMDL allocation shows that the agricultural
interests in the Mud and Salt Slough watersheds need to reduce their nutrients that become algae
at the mouths of these sloughs by a certain amount, say 25 percent, is this estimate reliable plus
or minus five percent, 20 percent or 50 percent? At this time, an answer to this issue is not
available.

Lee and Jones-Lee (2000a), in their discussion of the modeling in their “Issues’ report,
emphasized the importance of the model being expanded to include addressing low-DO
episodes. At this time, the Chen model more or less predicts a mid-depth DO in the water
column. While under certain conditions, it is possible to tune the model so that the data points

108



and the simulation match fairly well, at other times the simulation does not match the data well.
Part of this is due to the scatter in the data. Another part is due to the inability of the model to
properly track constituents such as ammonia and organic nitrogen. Lee and Jones-Lee (2000a)
recommended that an effort be devoted to examining the relationship between the average
concentration of DO in the water column predicted by the model and the excursions above and
below this prediction, based on actual data obtained at various locations in the DWSC. This
recommended evaluation was not funded by CALFED and, therefore, has not been done, with
the result that the model has not yet addressed a number of major issues in properly simulating
DO in the DWSC water column and at various locations in the DWSC.

Now that the CVRWQCB staff have proposed a Phase | TMDL implementation target, the
modeling should be designed to make predictions of how altered loads achieve that target, at all
locations and times where low DO occurs in the Deep Water Ship Channel. The modeling needs
to be expanded to stations nearer Turner Cut, since at times, especially under high flow, the
maximum oxygen depletion is shifted downstream to the Turner Cut region.

Another issue that needs to be addressed is whether the vertical stratification of particulate
oxygen demand that occurs near the surface and bottom and the DO depletion that often occurs
near the bottom can be modeled within the financial resources that are available for data
gathering. The existing database is not adequate to build a model that has potentially reliable
predictive capability in addressing these issues.

It is important to understand that the proposed HydroQual model will not likely eliminate many
of the significant problems that are found with the Chen model, since the database upon which to
build the HydroQual model to address issues of concern, does not exist. Further, because of the
way the funding has developed, there will be limited (if any) additional data collected which can
be input to the HydroQual model. As aresult, the HydroQual model will likely provide little in
the way of improvement in predictive capability over the current Chen model. Thiswill result in
the Phase | TMDL and its alocation having to be based largely on the Strawman analysis and
intuition about what the members of the SIR DO TMDL Steering Committee feel may be
occurring in the Deep Water Ship Channel with respect to oxygen demand load DO response
relationships.

Application of the Streeter-Phelps Model. As part of the Strawman analysis, Foe, et al. (2002)
have applied the Streeter-Phelps equation/model to helping to understand DO depletion in the
DWSC. Information on this modeling approach is available from Chapra (1997), Thomann and
Mueller (1987) and Bowie, et al. (1985). This equation relates the oxygen demand load to a
riverine waterbody to the DO depletion that will occur downstream of the introduction of the
load. It istraditionally used to predict the impact of domestic wastewater discharges of BOD on
the DO concentrations in ariver. The original Streeter-Phelps equation is a simplistic model,
which incorporates dissolved oxygen depletion due to a BOD load with reaeration of the
waterbody through atmospheric surface aeration. These two processes are modeled as first-order
processes, where the rate of BOD exertion is proportional to the BOD concentration, and the rate
of reaeration is proportional to the oxygen deficit from saturation. The typical oxygen profile
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downstream of a BOD load is a curvilinear relationship, where at the minimum DO, the rate of
DO depletion equals the rate of reaeration. This point is referred to as the point of inflection in
the DO sag relationship.

Foe, et al. (2002) used the unmodified Streeter-Phelps model to examine how much of the
oxygen demand DWSC depletion data could be explained by these fundamental mechanisms.
Once it was shown that these two fundamental mechanisms explain much (but not necessarily
al) of the observed DO trends in the DWSC, the model was used to perform a sensitivity
analysis of how changing major input variables would affect these trends. The Streeter-Phelps
model was intended to be more illustrative than predictive, but in spite of this, it generates
estimates of theoretical reaeration requirements similar to those of the box model calculations
presented above and Brown’s (2003) estimates. Considering only these basic mechanisms, the
following observations and suggestions for further studies have been provided by Gowdy (pers.
comm., 2002).

e Incoming DO and BOD concentrations at Channel Point were observed to be a function
of flow. Whereas theory would suggest no improvement of minimum DO at the
inflection point at higher flows (with fixed input variables), the fact that incoming BOD,,
and DO improve at higher flows may explain the observed DO improvement at the
inflection point. This theoretical explanation may suggest that further study of the
relationships between incoming BOD, and DO versus flow would be important in
understanding how flow appears to improve DO conditions in the DWSC.

e Initiadly, increasing flow theoretically increases the reaeration rate requirements as more
DO deficit is brought into the system per unit time. After reaching a maximum, the
reaeration requirements begin to decrease until they are eliminated at high flows.
Considering the equation,

Reaeration rate (Ib/day) = flow (cfs) * A DO mg/L * 5.4 conversion,

the rate at which increased flow brings in more DO deficit (initial rise in reaeration
requirements) is eventually overcome by the rate of improvement of DO at the inflection
point as flow increases (causing the subsequent decrease in reaeration requirements).
Improving the understanding of these reaeration requirements as a function of flow will
be important in evaluating aeration alternatives and their relationship to other flow and
load control alternatives.

e Theoretically the DO deficit and associated reaeration requirements to mitigate it are
sensitive to BOD,, and temperature. Future monitoring programs need to measure these
variables carefully. This senditivity also suggests a priority on studies aimed at
understanding temperature and incoming BOD,, and DO.

Foe, et al. (2002) used the unmodified Streeter-Phelps model to examine how the point of
inflection in the DWSC would change with changes in flow of the SIR through the DWSC. The
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changes in flow affect the travel time of the oxygen demand constituents through the critical
reach of the DWSC. Using the flow-travel time relationship developed by Brown (2002a), as
shown in Figure 7, and the city of Stockton’s measured BOD concentrations at Channel Point, as
well as the DO deficit from saturation measured at this location, Foe, et al. (2002) calculated the
location of the point of inflection for DO depletion in the DWSC. In order to make the
unmodified Streeter-Phelps equation fit the observed data, based on city of Stockton monitoring
and the DWR Hayes cruises, Foe, et al. (2002) found it necessary to use a BOD exertion rate
constant of 0.25 per day. This is over 2.6 times the BOD exertion rate constant measured by
Litton (2003) of 0.094 per day.

As discussed by Bowie, et al. (1985), Chapra (1997) and Thomann and Mueller (1987), many of
those who utilize the Streeter-Phel ps equation have found it necessary to incorporate a variety of
other factors in order to be able to reliably ssmulate DO depletion downstream of a BOD source.
Of particular importance in many situations is sediment oxygen demand, algal growth/
photosynthesis and respiration, temperature and, in some systems, particulate BOD settling. The
unmodified Streeter-Phelps equation used by Foe, et al. (2002) does not include a variety of
factors that are known to influence DO concentrations in the DWSC. Litton (2003) has reported
that a significant part of the BOD removal in the DWSC is related to particulate BOD settling
and the suspension of particulate BOD near the sediment water interface.

One of the observations made by Foe, et al. (2002) utilizing the unmodified Streeter-Phelps
relationship is that, on the average, the BODs concentrations measured by the City at Channel
Point are lowered by 0.06 mg/L for each hundred cfsincreasein SJR flow through the DWSC.

Foe, et al. (2002) indicated that the point of inflection for the oxygen sag curve occurred 0.2 to
0.3 mile further downstream with each hundred cfs increase in SJR flow through the DWSC. In
a comparison between their Streeter-Phelps-predicted point of inflection with its actual location,
based on city of Stockton and DWR cruise data, showed that the predicted point was consistently
about 2.5 miles further upstream than it actually occurred.

Foe, et al. (2002) examined the effect of changing the temperature on the oxygen profiles
simulated from the unmodified Streeter-Phelps. Overal, Foe, et al. (2002) found that higher
temperatures tend to cause greater DO depletion at the point of inflection.

Using the unmodified Streeter-Phelps approach for a 10 to 13 mg/L BOD, and a flow of 1,000
cfs, Foe, et al. (2002) predicted that the DWSC will need between 3,300 and 8,500 Ib/day of
additional DO, respectively, to avoid violations of the water quality objective. These amounts
are in general agreement with the three-year average conditions (2,300 Ib/day) that were found in
the box model calculations presented previously. Further, they are in general agreement with,
but somewhat lower than, Brown'’s (2003) estimate of needed aeration (10,000 Ib/day).

Estimating Algal Growth within the DWSC. There is concern about the potential influence of
algae that develop in the DWSC on oxygen depletion in the DWSC. Lehman, et al. (2001)
reported that the increase in algal biomass in the DWSC was up to 100 kg chlorophyll a per day
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(220 Ib/day), and that, at this rate, the DWSC algal biomass development is similar to the
upstream daily loads of algal biomass to the DWSC. It is of interest to evauate the expected
growth of agae in the DWSC based on its morphological, hydrologica and nutrient
characteristics. An estimate of this growth can be obtained from the Vollenweider-OECD
eutrophication modeling results reported by Jones and Lee (1986) and Lee and Jones-Lee
(2002a). Based on empirical data collected from over 750 waterbodies located throughout the
world, it is possible to estimate the amount of algae that should develop in the DWSC. This
estimate is based on a normalized available phosphorus load to the DWSC, considering its
morphology (mean depth) and hydrology (hydraulic residence time). This normalized
phosphorus load translates to an average in-waterbody phosphorus concentration. The average
available phosphorus concentration in the DWSC during the summer months is about 0.1 mg/L
P. Using the Jones-Lee and Lee updated relationship between normalized phosphorus load and
planktonic algal chlorophyll a, it is found that the DWSC should develop about 10 to 15 pg/L of
chlorophyll a by the time the water reaches Turner Cut, when the SIR flow through the DWSC
allows at least a 10-day travel time between Channel Point and Turner Cut.

Examination of the city of Stockton data for station R7 (just upstream of Turner Cut) shows that
frequently during the summer/fall of 2000 and 2001, the planktonic algal chlorophyll a at this
location is from 5 to 17 pug/L —i.e., in the range of the expected planktonic algal chlorophyll a
based on Vollenweider-OECD modeling results. This concentration of planktonic algal
chlorophyll a trandates, according to the relationship shown in Appendix E, to 1 to 2 mg/L
BODs. These are the typical concentrations of BODs measured by the city of Stockton during
2000 and 2001 at Turner Cut. Therefore, it can be concluded that the DWSC is growing algaein
accord with the growth of algae that typically occurs in waterbodies located throughout the
world.

Assuming 1 mg/L BODs in the DWSC due to in-Channel algal growth and the DWSC volume, it
is found that algal growth in the DWSC could represent on the order of 120,000 Ib of BOD,.
Using a 10-day travel time through the DWSC, the algal growth would amount to about 12,000
Ib/day of BOD,. It is evident that the primary source of oxygen demand for the DWSC, when
the city of Stockton’s discharges contain a few mg/L ammonia N, is upstream sources of algae,
since on the average the algal BOD,, loads to the DWSC are on the order of 67,000 Ib/day at
Mossdale.

An issue that needs to be considered in applying the Vollenweider-OECD eutrophication
modeling approach to the DWSC is that significant new algal biomass in the DWSC arising from
algal growth would be primarily found in the lower parts of the DWSC near Turner Cut. Itisthe
experience of the authors that long, thin waterbodies like the DWSC should be modeled with a
“plug-flow” modeling approach, where maximum algal biomass will occur at the downstream
end of the waterbody. While this approach is appropriate for most long, thin waterbodies, the
tidal flows in the DWSC would lead to increased longitudinal dispersion and would therefore
tend to smooth out variable loads to the DWSC. The net result is that most of the algal growth
that occurs in the DWSC is likely exported from the DWSC to the Central Delta at Turner Cut
and Columbia Cut.
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It is important to recall that any algal growth that occurs in the DWSC is accompanied by
oxygen production, where, unless the surface waters of the DWSC become oversaturated with
respect to DO and there isloss of the photosynthetically produced oxygen to the atmosphere, the
oxygen produced by the algal growth is available to satisfy the oxygen demand associated with
it. Typically, the near-surface waters of the DWSC are found to be undersaturated with respect
to dissolved oxygen. A possible exception could occur in late afternoon, during periods of
intense photosynthesis in the upper one to two feet of the DWSC. Further studies are needed to
determine if there are periods during the afternoon when there is short-term supersaturation of
DO in the surface waters of the DWSC.

An issue that has not been addressed in these studies, as well as in the modeling, is the potential
for zooplankton and clam grazing of algae that could significantly impact phytoplankton
concentrations. Since zooplankton grazing can significantly impact phytoplankton populations
over short periods of time, it is possible that some of the unexplained changes in concentrations
of phytoplankton in the SIR upstream of the DWSC and within the DWSC could be due to
zooplankton and clam grazing of phytoplankton. Litton (pers. comm., 2002) has reported seeing
evidence for the potentia significance of declining chlorophyll a concentrations between
Mossdale and the DWSC being due to zooplankton grazing. He aso found large numbers of
zooplankton in his sediment traps located in the DWSC during algal bloom conditions. Litton
(pers. comm., 2002) has reported that there are large numbers of clams in the DWSC sediments
near Turner Cut. Current measurements and modeling have not measured or incorporated the
potential for zooplankton and clam grazing of phytoplankton as a factor that could influence
phytoplankton populations in the SIR upstream of the DWSC and within the DWSC. This
grazing could be an important reason for some of the significant decreases in phytoplankton that
have been observed in the DWSC. As discussed herein, these decreases are also due to settling
in the water column.

Since there are pulses of pesticide-caused zooplankton toxicity present in the SIR and DWSC, it
is possible that pesticides discharged from agriculture in irrigation tailwater and discharged from
urban areas in stormwater runoff to the SIR and the DWSC influence zooplankton populations,
which in turn influence phytoplankton populations. These situations could explain some of the
changes in phytoplankton concentrations that are found in the SIR and DWSC.

South Delta Barrier Modeling Results

During the course of the study, it became evident that the operation of the South Delta channel
barriers (see Figure 5) was important in influencing the amount of SIR flow at Vernais that was
diverted into Old River for export to Central and Southern California versus alowed to continue
down the SJR into the DWSC. The South Delta has three main channels which convey water
from the SIR through Old River to the State and Federal Project export pumps in the South
Delta. These channels have rock barriersinstalled each spring to help control water levels within
these channels. CALFED, as part of the Record of Decision, is obligated to replace the
temporary rock barriers with permanent mechanical barriers. Hildebrand (pers. comm., 2001)
suggested to the SIR DO TMDL Steering Committee and TAC that it may be possible to provide
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additional water to the SIR DWSC by auxiliary low-head, reverse-flow pumping of South Delta
water over the permanent barriers.

In order to investigate this situation, one of the CALFED 2001 Low-DO Directed Action
component projects was devoted to modeling water flow through the South Delta in order to
assess the feasibility of the use of auxiliary flow pumps across South Delta flow barriers to
increase the flow of the SIR through the DWSC. Rajbhandari, et al. (2002) has issued a report
on this modeling effort. The results indicate that it is potentially technically and economically
feasible through low-head, reverse-flow pumping across the permanent barriers to add
substantial South Deltawater to the SIR via Old River that would pass through the DWSC.

The modeling has shown that the auxiliary reverse-flow pumping would significantly improve
the relatively poor water quality that now exists in the South Delta, associated with the
temporary rock barriers creating relatively stagnant waterbodies in some of the channels. The
improvement in water quality would arise from the fact that the reverse-flow pumping over a
permanent barrier would largely pump high-quality Sacramento River water that is diverted from
its course toward being exported to Central and Southern California via the State and Federal
Projects. At this time, during the summer, the water in the South Delta is largely San Joaquin
River water which has high algal concentrations and experiences DO concentrations below the
water quality objective.

One of the potential benefits of low-head reverse-flow pumping across the South Delta barriersis
the ability to stabilize the flow of the SIR through the DWSC. Flow stabilization would
eliminate some of the significant changes in SIR flow through the DWSC that, under certain
conditions, can lead to severe DO depletion. Further, stabilized flow would be an asset to
managing aeration in the DWSC.

There are a number of issues that need to be addressed before the reverse-flow pumping
approach could be adopted. These include the potential impacts of the approximately 200 cfs of
agricultural drain water that is discharged to the South Delta each summer from agricultural
activities in the South Delta. This agricultural drain water would contain a number of potential
pollutants that could cause adverse impacts on water quality in the South Delta and the SIR
below where Old River intersects with the SJR. Also of concern is that the city of Tracy
currently discharges its domestic wastewaters to a South Delta channel. Other developing cities
will likely propose to follow a similar approach. The municipal wastewater |oads to the South
Delta could cause significant water quality problems in the South Delta. There is need for a
multi-year water quality monitoring/modeling project to evaluate the potential water quality
problems associated with the reverse-flow pumping of water across the permanent barriers when
they areinstalled.

QA/QC Issues

One of the issues of concern in a study of this type is the reliability of the database devel oped,
upon which management decisions involving expenditures of large amounts of funds will be
based. Each of the Pls generating data in this study followed standard QA/QC procedures for
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their respective organizations. Duplicate samples, spikes and in some cases, split sample
comparisons were made. Some of the PIs have reported the results of the QA/QC program in
their data reports. In general it is believed that the data generated in this study is neither worse
nor better than the typical water quality data generated in studies of this type.

In an attempt to try to address two specific QA/QC issues, the project PI, G. F. Lee (2001a),
organized a proposed QA/QC program, which was to enable the investigators making similar
measurements to compare the results. A study of this type on DO measurements was conducted
in July 2001 at the DWR Rough and Ready Island station. The results of this study have been
reported by Stringfellow (2001). His report and other information on the QA/QC program are
available on the SIR TMDL website, www.grtmdl.org. The DO measurements made by the
various investigators all agreed with each other, as well as agreed with the DWR Rough and
Ready Idland monitoring station results. It became clear that, at least under those conditions, the
various investigators could measure DO reliably.

Another parameter of particular concern with respect to reliability of measurements, is the
planktonic algal chlorophyll a. During the July 2001 QA/QC study at Rough and Ready Island,
each of the investigators making chlorophyll a measurements were to make measurements from
asingle sample. As of this time, the results of these measurements have not been reported. It
has been found, however, that Dahlgren of the University of California, Davis, used a different
chlorophyll a extraction procedure using methanol than the other investigators who extracted the
chlorophyll a with acetone. Dahlgren is not part of the TAC studies and therefore, has not been
involved with the TAC in planning, implementing and reporting of the results. He has, however,
significantly contributed to this project through making his data available prior to their
publication.

DO Water Quality Objectives

As discussed by Lee and Jones-Lee (2000a), there has been considerable discussion about the
appropriate dissolved oxygen water quality objective for the Deep Water Ship Channel (DWSC)
that will protect the beneficial uses of the DWSC, upstream waters and the Delta without
unnecessary expenditures for DO depletion control. The current Central Valley Regional Water
Quality Control Board Basin Plan objective (CVRWQCB, 1994) for dissolved oxygen is that the
concentration of DO at any location in the Deep Water Ship Channel between Channel Point and
Disappointment Slough shall not be less than 6 mg/L between September 1 and November 30,
and 5 mg/L between December 1 and August 31. Gowdy and Foe (2002) have recently reviewed
the origin of these objectives. The 5 mg/L WQO is similar to, but not the same as, the USEPA’s
national water quality criterion for DO (US EPA, 1986, 1987). The current US EPA national
water quality criterion for DO allows for averaging and for low DO concentrations to occur near
the sediment water interface. The 6 mg/L WQO was adopted to protect the fall run of Chinook
salmon migration through the DWSC to their upstream home waters. The DO TMDL target for
the DWSC is an extremely important value that could influence large expenditures for oxygen
demand constituent control in the watershed, aeration of the DWSC and/or enhanced flow of the
SJR through the DWSC.

115



Gowdy and Foe (2002) have proposed that the TMDL would be implemented with a phased
approach, where during the initial phase, the following issues will be addressed:

“further development of source and linkage analysis to refine allocations of

responsibility and source control measures,

e study of the effectiveness of initially implemented alternatives in meeting the interim DO
performance goal;

e design of improvements to implemented initial phase alternatives as necessary to meet
final Basin Plan DO objective; and

e an examination of the technical basis for the Basin Plan DO objective and, if

appropriate, modification of the objective through the required State and Regional Board

processes.”

They indicate that the number of TMDL phases and specific actions in each phase will be
defined as part of the TMDL implementation plan that will be developed after June 2003.
Gowdy and Foe (2002) did not define the length of theinitial phase of the TMDL.

During the initial phase of the TMDL implementation, Gowdy and Foe (2002) have proposed as
the interim DO water quality target that,

“Between June 1 and November 30 dissolved oxygen shall not be less than 5.0 mg/|
measured as a 7-day mean of daily minimums, with no daily minimum below 3.0 mg/l. The
Basin Plan objective of 5.0 mg/l will be applicable between December 1 and May 31.”

The current Basin Plan dissolved oxygen objective will be the final target unless changed by a
Basin Plan amendment before then.

A review of the DWR Rough and Ready Island monitoring station DO data during 2002 (see
Appendix D, Figure D-1) shows that it will be difficult to achieve the proposed interim DO
target. Substantial aeration will be needed to eliminate the long periods of RRI DO below 5
mg/L.

There is some controversy about the appropriateness of the proposed interim minimum DO
target of 3 mg/L. Severa individuals (J. Stuart of NMFS and W. Jennings of DeltakK eeper) have
indicated to the authors that the interim minimum DO of 3 mg/L is not likely protective of
aquatic resources in the DWSC. It is suggested by the authors that this value should be raised to
at least 4 mg/L as the minimum that can occur at any time and location. Hicks, et al. (1991)
have provided information on the effects of dissolved oxygen on sailmonids. However, the focus
of their discussion is on the impacts of low DO on salmonid habitat for reproduction. Other than
the Hallock, et al. (1970) study, there appears to be little information in the literature on the
effects of low DO concentrations impacting salmonids reaching their home stream waters.

Seager, et al. (2000) have investigated the effects of short-term oxygen depletion on fish. They
exposed trout and roach to low-DO pulses of one, six or 24 hours of DO concentrations of 4.0
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and 5.5 mg/L at frequencies of once or twice aweek over 75 days. Their results indicate that for
a given duration of low-DO exposure, there is a narrow threshold concentration range above
which mortality does not occur and below which mortality rapidly occurs. Post-exposure
examination of the fish indicated no significant effects of low-DO concentrations above the
critical level. There were no significant effects on growth rates or other fish characteristics.
Based on areview of the literature (see Lee and Jones-Lee, 2000a), the CVRWQCB'’ s proposed
interim TMDL target would not be expected to significantly adversely impact the aquatic life
resources of the DWSC. It would be protective of fish and other aquatic life from death caused
by low DO.

During the final phase of the TMDL implementation, which could be from five to 10 years after
June 2003, the DO TMDL target would become the CVRWQCB water quality objective. It is
possible that, by the time the final phase of the TMDL implementation is initiated, the
CVRWQCB water quality objective for the DWSC may be changed from the current 5 mg/L
during December 1 through August 31 and 6 mg/L between September 1 through November 30.
Also, rather than the current absolute minimum of no exceedance of these objectives, a daily
averaging of the DO concentrations, reflecting photosynthetically caused diel variations in DO,
where early morning concentrations in the surface waters are significantly lower for a few hours
than late afternoon concentrations, would be used in assessing compliance with the water quality
objective. This approach is acceptable to the US EPA and is the approach followed in a number
of states (Delos, 1999).

Another possible change in the current CVRWQCB DO water quality objective that is
acceptable by the US EPA and many states is an alowance of DO depression near the bottom,
reflecting the effect of the sediment oxygen demand associated with eutrophic waters. Highly
fertile waterbodies throughout the world, which have excellent fisheries, routinely experience
DO depletions near the sediments.

From a review of how the 6 mg/L water quality objective was developed for the DWSC (see
Gowdy and Foe, 2002, and Lee and Jones-Lee, 2000a), it can be concluded that changing the 6
mg/L objective to the US EPA national water quality criterion of 5 mg/L is likely technically
justified. The California Department of Fish and Game studies reported by Hallock, et al. (1970)
concluded that DO concentrations less than 5 mg/L could potentially inhibit upstream migration
of the fall run of Chinook salmon through the DWSC. However, as they point out, it was not
clear whether this inhibition was due to high water temperatures and/or loss of home stream
water signal during the same time the DO was less than 5 mg/L.

Another issue of concern is whether DO depletions below the 6 mg/L concentration near the
bottom waters, but above this value in the mid-water column and surface waters, are inhibitory to
Chinook salmon migration to home stream waters during the fall. There is need for further
studies to understand the role of DO concentrations less than 6 mg/L as a migratory barrier to the
fall run of Chinook salmon. As part of gaining acceptance for stakeholders' expenditures of
funds to control the low-DO problem in the DWSC, it will be important to justify the significant
additional expenditure for aeration or oxygen demand constituent control from the watershed
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based on appropriately conducted studies that show the fall run of Chinook salmon through the
DWSC isin fact inhibited by DO concentrations less than 6 mg/L.

In December 2001, the State Water Resources Control Board held a workshop devoted to
discussion of the current understanding of the recovery of the Chinook salmon and other
anadromous fish populations in Central Valley waterbodies. This workshop was attended by G.
F. Lee. About 10 years ago, the fisheries managers and the State Water Resources Control
Board established a 10-year goal of doubling the anadromous fish populations in the Central
Valley. At this meeting a variety of factors were discussed by the participants as potentially
impacting the success of increasing the anadromous fish populations. DO was not one of the
parameters mentioned by any of the participants. It appears that the “ experts,” as well as those
responsible for managing/enhancing the anadromous fish populations, consider a variety of other
factors, including water temperature, habitat, water diversions, ocean harvesting, etc., as more
important than dissolved oxygen water quality objective violations in the Deep Water Ship
Channel. Based on discussions at the workshop, the interaction of these various factorsis poorly
understood. Further, it is not clear that the populations of many of the anadromous fish have
changed significantly since the enhancement program was initiated approximately 10 years ago.

A major factor influencing the populations of anadromous fish is the available flows and, in
particular, wet and dry years. This greatly complicates understanding the changes that have
taken place in the anadromous fish populations, since the initial baseline period was during a
drought period, and the last few years have been fairly wet years. There seemed to be general
consensus at this workshop that everything should be left alone in order to allow another 10
years or so to see if the enhancement programs that are in place are, in fact, significantly
enhancing the populations. This could be an impetus for not changing the 6 mg/L DO water
guality objective to 5 mg/L, even though the 6 mg/L is not based on a technicaly valid
assessment of the effect of DO on Chinook salmon migration through the DWSC.

Implications of Technical Studiesfor Managing the DWSC L ow-DO Problem

The results of the three-year technical studies of the DWSC and its watershed provide useful
information on the technical alocation of responsibility for control of the low-DO problem that
occursinthe DWSC. A summary of these issuesis presented below.

Port of Stockton. As discussed above, if the Deep Water Ship Channel had not been constructed
and the SJR downstream of the Port of Stockton had the same depth as upstream, there would be
few, if any, low-DO problems in the seven miles of the SIR upstream of Turner Cut. The “Port
of Stockton” is responsible for the existence of the Deep Water Ship Channel, and therefore, has
aresponsibility for controlling low DO in the Deep Water Ship Channel by helping fund oxygen
demand control programs and/or aeration. Since the maintenance of the Deep Water Ship
Channel by the US Army Corps of Engineers is mandated by Congress as part of a national
program for dredged channel maintenance, and since continued maintenance of this Channel
continues to contribute to the low-DO problem in the DWSC, the Corps of Engineers/US
Congress could have considerable responsibility for helping to solve the low-DO problem in the
DWSC.
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If the DWSC were not maintained it would shoal (become shallower) within a few years. This
would eventually lead to increased oxygen demand assimilative capacity as the volume and
residence time of the DWSC, between Stockton and Turner Cut, decreases. Eventually, the SIR
downstream of Stockton would have the same ability to transport high algal oxygen demand
loads as now occurs upstream of the Port. The CVRWQCB staff have indicated that the Port and
its stakeholders could likely find that their need to obtain maintenance-dredging permits from the
Central Valley Regional Water Quality Control Board could be used to help convince the Port
and its stakeholders that they need to become a responsible stakeholder to help correct the
problem caused by the creation of the Port and its associated Deep Water Ship Channel. Thisin
turn could lead to causing Congress to fund, as part of the annual maintenance dredging
appropriation, corrective measures for the low-DO problem.

There is precedent for thisin that, as part of deepening the Deep Water Ship Channel from 30 to
35 feet, which took place severa years ago, the Corps of Engineers installed an aeration system
near Channel Point for the purpose of correcting the loss of oxygen demand assimilative capacity
associated with channel deepening (see discussion by Nichol and Slinkard, 1999; US EPA, 1971;
USA COE, 1988). The Sacramento Corps District is responsible for operation and maintenance
of this aeration system. Basically, there is need for Congress to make the funding available to
address the larger picture associated with ongoing navigational depth management of the first
seven miles of the DWSC below the Port of Stockton.

Supplemental Aeration. As part of gaining permission from the CVRWQCB to deepen the
DWSC from 30 to 35 feet, the Corps of Engineers installed two jet aerators at the Port of
Stockton. According to Foe (pers. comm., 2002), the agreement between the Corps and the
CVRWQCB requires that the Corps operate the aerators when the DO falls below 5.2 mg/L
anywhere in the DWSC as measured by the city of Stockton weekly monitoring runs between
September 1 and November 30. These aeration devices were designed to compensate for the
increased oxygen demand caused by the increased depth of the water column in the DWSC.
However, they were not evaluated with respect to whether the design characteristics were, in
fact, achieved. It has been found by Brown (2003) that one of the aerators is operating at about
80 percent and the other is operating at about 25 percent of design.

Brown (2003), as part of his component project of the Directed Action project, tested an oxygen
bubble diffuser device that would operate in just 25 feet of water at the edge of the DWSC
(under the Rough & Ready Island dock). According to Brown, the oxygen bubble device is a
diffuser at one end of a U-shaped pipe (horseshoe) that is called a “mounted oxygen bubble
injector” (MOBI). The oxygen bubbles from a diffuser located at the bottom of the riser tube
create a flow of upwelling water. The gas that is not dissolved rises to an exhaust spout at the
top of the U-pipe and might be pumped back into the diffuser to dissolve more of the oxygen gas
supplied. Good performance was measured with the 20-inch diameter test version, with a 20
percent transfer efficiency that would deliver about 125 Ib/day of DO. Brown indicated that the
full-size devices (36-inch diameter) should deliver 500 Ib/day, so about 20 of the full-size
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devices would be needed to supply the 10,000 Ib/day of oxygen needed in the DWSC to satisfy
the oxygen deficit below the WQO.

Brown (2003) conducted a preliminary review of the major aeration technology for rivers and
lakes. He reported that several methods appear to be economical and feasible for controlling the
DO depletion below the WQO in the DWSC. Each of the most promising devices for pilot scale
testing was compared for likely oxygen bubble or aeration efficiency. Brown recommends that
the most effective devices for transferring DO from oxygen or air bubbles in only 25 feet of
water should be field tested in the DWSC and compared with the MOBI device. Brown
indicated that soaker hose bubble diffusers and submerged chambers (Speece Cone) are the most
likely devices for solving the low-DO problem in the DWSC.

Brown (2003) stated that several aeration and oxygenation techniques appear to be feasible and
economical for the DWSC, with a depth constraint of 25 feet, and without interfering with ship
traffic. He estimates that the cost of adding oxygen to a waterbody is on the order of about
$0.10/Ib. He indicated that the cost for aeration or oxygen bubble devices to eliminate the DO
problem in the DWSC is likely to be less than $2.5 million dollars, with annual operating
expenses of |ess than $500,000.

Brown (2003) investigated water temperature measurements at several depths at the Rough &
Ready Island water quality station during the summer of 2002. These data indicate that diel
stratification during the afternoon in the DWSC occurs on most days and may influence the near-
surface algal photosynthesis and surface aeration, and may aso isolate the surface layer from the
majority of the DWSC.

Brown (2003) indicated that lateral mixing across the DWSC may prevent aeration or oxygen
injection devices that are located under the Port of Stockton Rough and Ready Island dock from
effectively increasing DO throughout the DWSC. A dye study was conducted in cooperation
with Dr Gary Litton (Civil Engineering, UOP) to measure the lateral and vertical spreading of
dye that was injected into the MOBI device along the Rough & Ready Island dock. Lateral
mixing of the dye was nearly uniform at the end of afull 24-hour tidal cycle. The normal tidal
movement is about 5 miles in the vicinity of the Rough & Ready Idand station, and this
apparently provides sufficient energy to laterally mix the DWSC. Brown concluded that aeration
or oxygen injection devices can be located along the Rough & Ready Idand dock and increase
DO throughout the DWSC.

As discussed above in the “Box Model Calculations’ section, based on the last three years' data,
on average about 2,300 |b/day of DO needs to be added to the DWSC to prevent DO depletion
below the water quality objective. There are times, however, when much larger amounts of
oxygen will be needed. Considering the worst-case conditions for DO depletion below the WQO
found in the box model calculations for data collected over the past three years, on the order of
about 6,000 Ib/day of DO would be needed to keep the DWSC from violating aWQO. Using the
unmodified Streeter-Phelps approach for a 10 to 13 mg/L BOD, and a flow of 1,000 cfs, Foe, et
al. (2002) predicted that the DWSC will need between 3,300 and 8,500 |b/day of additional DO,
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respectively, to avoid violations of the water quality objective. Brown (2003), using a different
approach for calculating oxygen deficit below the water quality objective, indicated that in 2001
an aeration device that delivered 10,000 Ib/day of DO would satisfy the DO deficit during the
summer. He concludes that about the same amount would likely have been needed in 1999 and
2000. The amount of aeration needed to meet the WQO will be dependent on the SIR DWSC
flow, where increased flow will require greater amounts of aeration. Further, increased flow will
affect the locations where aerators should be placed.

At this time, there is need for a comprehensive engineering evaluation of the use of aeration to
control the low-DO problem in the DWSC. This evaluation should lead to severa years of large-
scale pilot studies to examine the technical feasibility and associated costs of using one or more
aeration approaches to solve the low-DO problem in the DWSC. Eventually, through the pilot
studies, it will be possible to design, construct and operate an aeration system to control the low-
DO problem to meet the interim and final TMDL DO target. Itislikely that aeration will be part
of an overall management plan which will utilize a combination of upstream oxygen demand
load control, managed SJR flow through the DWSC and selective aeration of the DWSC to
control the low-DO problem. Additional information on the recommended pilot aeration studies
is provided in a subsequent section.

South Delta Barrier Reverse-Flow Pumping. At this time, the barriers in the South Delta are
manually operated. CALFED has committed to the installation of automatic tidal barriers, which
are reported to better manage flows in the South Delta channels, to eliminate the low water levels
that occur now, associated with export pumping of South Delta water to Central and Southern
Cdlifornia. As discussed above, it has been proposed that the operation of the barriers can be
conducted in such a way as to increase the flow of the SIR through the DWSC. Hildebrand
(pers. comm., 2002) proposed that barrier operations, coupled with low-head, reverse-flow
pumping over the barriers, can be conducted in such a way as to export water from the South
Delta into the SIR via Old River. This, in turn, would shorten the hydraulic residence time of
oxygen-demanding materials added to the DWSC, potentially resulting in less DO depletion in
the DWSC. It has been found by Rajbhandari, et al. (2002) that |ow-head, reverse-flow pumping
istechnically feasible in providing South Delta water to the SIR DWSC. There are, as discussed
above, a number of issues that need to be addressed in connection with developing this proposed
approach to helping solve the low-DO problem in the DWSC.

The Strawman results from Foe, et al. (2002), as well as the observations made from the Hayes
cruise data on the impact of flow on the low DO in the DWSC over the past 15 years, and the
box model calculations presented herein, have raised questions about the ability of supplemental
flow to the DWSC to control the low-DO problems. There is no issue that SIR flows greater
than about 2,000 cfs through the DWSC will control the low-DO problem in the first seven miles
below the Port of Stockton in the DWSC by exporting the oxygen demand loads into the Central
Delta before they can be exerted in the DWSC. At this time there is not a readily discernable
relationship between SJIR flow through the DWSC between about 500 and 1,500 cfs and DO
depletion in the DWSC. While the Chen and Tsai (2002) modeling presents a generalized
relationship between SIR DWSC flow and DO depletion in the DWSC, the DWSC monitoring
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data, such as those presented herein based on the city of Stockton’s monitoring as well as those
developed in the Hayes cruises, raise questions about the reliability of the Chen model results.
Thisis an issue that has not been resolved at thistime.

The Rajbhandari, et al. (2002) modeling has predicted that reverse-flow, low-head pumping over
the permanent South Delta barriers would improve water quality in the South Delta as a result of
introducing Sacramento River water into the South Delta. It is desirable that the supplemental
flow into the SIR should be of a low oxygen demand content and thereby dilute the oxygen
demand in the SIR waters that enter the DWSC. While this appears to be feasible, there are
other South Delta water quality issues that are not well understood. There are a number of South
Delta water quality issues that need to be addressed before the barrier reverse-flow pumping
approach can be adequately evaluated. Thereis need for further studies on the hydraulics of the
South Delta, with particular reference to how the permanent barriers would impact the water
quality that is occurring in the South Delta and the quality of water that would be exported from
the South Deltato the SIR viaOld River.

Mud and Salt Slough and SIR Upstream of Lander Avenue Watersheds. The significance of
the Mud and Salt Slough and SJR upstream of Lander Avenue watersheds as a source of
algae/oxygen demand material for the DWSC could require that stakeholders in these watersheds
develop control programs that can control the growth of algae in the Sloughs watersheds and the
SIR upstream of Lander Avenue. The Mud and Salt Slough watersheds are aready under
regulatory constraints for control of selenium. According to McGahan (pers. comm., 2002), the
regulatory controls have resulted in a reduction of selenium loads discharged by Mud Slough by
56 percent over the last five years. The flow from the Mud Slough watershed has been reduced
by 47 percent during this period. The Mud and Salt Slough watersheds will also likely come
under regulatory control of total sat (TDS) and boron (CVRWQCB, 2002b). Further, it is
possible that, as aresult of the TMDL to control oxygen demand loads in the SIR watershed, the
discharges of nutrients in the Mud and Salt Slough watersheds, as well as to the SIR upstream of
Lander Avenue, that lead to the development of algae that cause violations of the DO water
quality objective in the DWSC, will need to be reduced/controlled.

The agae control program should be designed to reduce the algal-related oxygen demand loads
that enter the SIR from Mud and Salt Sloughs and the SIR upstream of Lander Avenue that
cause/contribute to DO depletions below the WQO in the DWSC, as opposed to nutrient control
programs that are arbitrary, across-the-board nutrient reductions irrespective of their
contributions to the water quality problem. Thus far, nutrient control programs that have been
developed across the US do not incorporate the information needed to cost-effectively control
the nutrient sources and amounts to achieve the desired water quality without excessive
expenditures for nutrient control. As discussed by Lee (2001b), a technically valid, cost-
effective nutrient control approach requires a good understanding of nutrient and algal growth
dynamics from where the nutrients are first discharged until the algae enter the DWSC and cause
DO depletion below the WQO.

122



At this time there is a limited understanding of the specific sources of nutrients in the Mud and
Salt Slough and SJR upstream of Lander Avenue watersheds that develop into algae that grow to
a sufficient extent, within the Mud and Salt Slough watersheds as well as the SIR upstream of
Lander Avenue watershed, to lead to high algal concentrations/loads in the SIR upstream of
where the Merced River enters the SJR. It is the growth of algae, based primarily on the
nutrients derived from these watersheds, that ultimately becomes the high algal-caused oxygen
demand loads that have been found in the SIR at Mossdale. The initia focus of the Mud and
Salt Slough and SIR upstream of Lander Avenue watersheds oxygen demand load control
program should be on gaining an understanding of algal growth dynamics and nutrient sourcesin
these watersheds, focusing on the headwater areas of the watersheds. This understanding can
then potentially be used to control the algal populations that are present in the SIJR upstream of
where the Merced River enters the SJR.

SFEI (2002) has published the 1999-2000 annual report for the Grassland Bypass Project. This
report contains information pertinent to monitoring within the Mud and Salt Slough watersheds.
At this time, there is extensive monitoring being conducted for temperature, pH, EC, TSS,
selenium, boron, sediments, selenium uptake by biota, and aquatic life toxicity to fish larvae,
zooplankton and algae. As recommended by the SIR DO TMDL Steering Committee (Lee,
2001c), the current monitoring program in the Mud and Salt Slough watersheds needs to be
significantly expanded to include the various forms of nitrogen and phosphorus compounds that
serve as algal nutrients, as well as planktonic algal chlorophyll a, pheophytin a and BOD.
Further, each of the subwatersheds within the Mud and Salt Slough and SJR at Lander Avenue
watersheds should be monitored for some of these parameters, as well as flow, at various
locations to define the specific sources of nutrients and algae that ultimately become the high
concentrations at the mouths of Mud and Salt Sloughs and in the SIR at Lander Avenue. The
needed studies will require several years of detailed, selective monitoring in the Mud and Salt
Slough and SJR upstream of Lander Avenue watersheds to develop an information base on
which to begin to formulate potential oxygen demand control programs. Guidance on the needed
studiesis provided in a subsequent section of this report.

It should be understood, as discussed by Lee (2001b), that controlling algal nutrients (nitrogen
and phosphorus) from agricultural activities will be difficult and could be quite expensive
compared to the profit margins that many parts of agriculture are experiencing today. Lee and
Jones-Lee (2002a,b; 2003b) reviewed the literature summarizing the experience of nutrient
control programs from agricultural sources in other parts of the country, such as in the Great
Lakes region and in the Chesapeake Bay watershed. Sharpley (2000) and Logan (2000) have
summarized the experience of attempting to control algal nutrients in agricultural runoff in the
Chesapeake Bay and the Lake Erie watersheds. As summarized by Lee (2001b), the nutrient
control programs that have been conducted over the past 15 to 20 years in these areas have thus
far failed to be highly effective in controlling nitrogen and phosphorus inputs to these
waterbodies. It has been reported by Sprague, et al. (2000) that the major ag-derived nutrient
reductions that have occurred in the Chesapeake Bay watershed are associated with the cessation
of agricultural activitiesin parts of the watershed.
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Lee (2001b) has reviewed many of the issues that need to be considered in developing a
technically valid, cost-effective algae/nutrient control program in the SIR watershed. As he
discussed, the approach should focus on controlling the nutrients that are specifically responsible
for the algal biomass (BOD load) that causes DO depletion below the water quality objective in
the DWSC. From the information available, it is concluded that available algal phosphorus
control in the Mud and Salt Slough headwaters could have the potential of limiting algal growth
in these waters and thereby reducing the biomass of algae that are discharged by these tributaries
to the SIR. Stringfellow and Quinn (2002) and Foe, et al. (2002) have reported that the
concentrations of algal available phosphorus in Mud Slough near its mouth where it joins with
the SJR, are sufficiently depressed to be near algal growth-rate limiting. If that situation can be
promoted throughout the Mud and Salt Slough watersheds, as well as the SIR upstream of
Lander Avenue, then the algal seed which ultimately develops into a large algal biomass at
Mossdale could potentialy be controlled sufficiently to reduce the algal-caused oxygen demand
that enters the DWSC.

Stringfellow and Quinn (2002) reported that algal growth in the San Luis Drain, which is a
concrete-lined channel that carries agricultural drain water from the 97,000-acre Grassland
Drainage Areato Mud Slough, shows adoubling in algal biomass in about one to two days. This
is in accord with the expected algal growth under light-limited conditions. It is aso similar to
the apparent algal doubling rates reported by Foe, et al. (2002). There is an important difference
between the Foe, et al. (2002) doubling rates and those of Stringfellow and Quinn in that the
Stringfellow and Quinn doubling rates are the true doubling rates while the Foe doubling rates
reflect the algal doubling but also water diversions and tributary discharge of low algal water to
the SIR. The Foe, et al. (2002) doubling rates are not true doubling rates but are the apparent
doubling rates reflecting changes in the hydrologic characteristics of the SIR.

In conducting a nutrient control program in the Mud and Salt Slough and SJR upstream of
Lander Avenue watersheds, it would be important to focus on algal nutrients such as nitrate and
soluble ortho P, and not total P. Lee, et al. (1980) have reported that large amounts of the
agriculturally derived phosphorus in stormwater runoff is often in particulate forms, where most
of the phosphorus is not available to support algal growth. This situation may not apply to ag-
derived tailwater and subsurface drain water. Lee and Jones-Lee (2002ab; 2003b) have
discussed nutrient control issues associated with agricultural sources. These discussions provide
information pertinent to the control of nutrients and algae in the Mud and Salt Slough and SIR
upstream of Lander Avenue watersheds.

Allocation of Oxygen Demand Loads in Subwatersheds. It is possible that the CVRWQCB will
assign allowable oxygen demand loads to each of the SJR tributaries as part of implementation
of the TMDL. It will then become the responsibility of the stakeholders in each SIR tributary
watershed, as well as those that discharge directly to the SIR in agricultural drains, to develop
approaches for controlling their oxygen demand discharges to meet the CVRWQCB-allowed
oxygen demand load from a tributary. It will likely require severa years of study and
considerable funding before an allocation of responsibility for control of oxygen demand sources
that occur at the tributary’s point of discharge to the SIR can be developed. Only when this
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information is available and is implemented into a management plan, can there begin to be
effective control of oxygen demand sources within the SIR DWSC watershed. The initial phase
of the DO TMDL implementation plan will need to be devoted largely to gaining an
understanding of oxygen demand sources and their potential control within each of the SIR
tributaries’ watersheds. It will be important in developing these programs to be certain that the
control of oxygen demand in the watershed is appropriately tied to oxygen demand that leads to
DO depletion below a WQO within the DWSC, and not directed to control of oxygen demand
from sources that do not lead to low-DO problems in the DWSC.

As mentioned previoudly, at this time there is inadequate understanding of how a change in the
oxygen demand load discharged to the SIJR or one of its tributaries will impact the oxygen
demand load in the SIR at Mossdale. The DWR HydroQual modeling (discussed above) could
provide information on this issue as it relates to discharges to the SIR by the tributaries. There
will be need to extend this modeling into the subwatersheds in order to evaluate how controlling
nutrients/algae within any part of a subwatershed would impact DO depletion in the DWSC
below the WQO.

Agricultural Diversions. Agricultural diversions of SIR water along its course between where
Mud and Salt Sloughs enter the SIR and the DWSC can, during the irrigation season, divert
significant amounts of water and associated oxygen demand for irrigation. This tends to reduce
the magnitude of the Mud and Salt Slough and SJR upstream of Lander Avenue oxygen demand
loads that ultimately reach the DWSC. As discussed above, asignificant part of the algal oxygen
demand load present in the SIR upstream of the Merced River never reaches the SIR at Mossdale
because of agricultural diversions of irrigation water. There is need to improve the ability to
assess the magnitude of agricultural diversions along the SIR as part of assigning responsibility
for oxygen demand loads in the SIR at Mossdale.

One of the most significant diversions of SIR water occurs into Old River, where the waters are
exported via the State and Federal Projectsto Central and Southern California. At times, most of
the water in the SJR that reaches Old River is diverted into Old River for export. This diversion,
while reducing the magnitude of the algal related oxygen demand loads that are present in the
SJR at Mossdale that reach the DWSC which is beneficial to the DWSC, adversely impacts the
flow of the SIR through the DWSC, thereby increasing the hydraulic residence time of the
residual oxygen demand loads to the DWSC. The low flow conditions of a few hundred cfs of
SIR flow through the DWSC, compared to about 600 to 2,000 cfs that typically occurred during
the 1999, 2000 and 2001 study period and including the 2002 data, resulted in some of the most
significant oxygen depletions in the DWSC found during the studies. DO concentrations of
about 2 mg/L were found in late September/early October 1999, associated with one occasion of
this type. The diversion down Old River associated with the removal of the Grant Line barrier
resulted in a high algal load being introduced into the DWSC just prior to the reduced flow
through the DWSC. As a result, the algae present in this pre-diversion flow had an extended
period of time to exert their oxygen demand, resulting in very low DO concentrations occurring
in the DWSC. Other examples of low flows resulting in severe oxygen depletion in the DWSC
occurred in 2002 and 2003, as discussed above. It will be important to stabilize the flow of the
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SJIR through the DWSC so that major changes in flow, especially dramatic decreases from over
1,000 cfs to afew hundred cfs such as occurred in late September 1999 and late May-early June
2002, are avoided. Further, stabilized flow will enhance the ability to manage aeration of the
DWSC.

Eastside Rivers. An increase in flow of eastside rivers (Tuolumne, Stanislaus, and Merced
Rivers) into the SIR can be amajor factor in reducing the oxygen demand derived from the Mud
and Salt Slough and SJR upstream of Lander Avenue watersheds that |eads to low-DO problems
in the DWSC. Thisisaresult of diluting the elevated SIR algal concentrations that are present
upstream of where the eastside rivers enter the SJR. Further, additional eastside river flow
would decrease the travel time of the oxygen demand loads through the DWSC. This conclusion
is particularly important since, as discussed by Lee and Jones-Lee (2000d), the San Joaquin
River watershed is predicted to double in population over the next 20 years. Such doubling can
only occur if additional water supplies are developed to serve this population. It appears now
that there would likely be opposition to the use of any eastside river water to serve as a domestic
supply for any new populations or any additional growth in the Central Valley or in the San
Joaquin River watershed because of the potential adverse impacts on the flow of the eastside
riversto the SIR.

| ssues that Need to be Resolved

There are a number of key issues that evolve from the conceptual models for the sources and
impacts of oxygen demand on the DO resources of the SJIR DWSC that need to be resolved.
With respect to the constituents responsible for the DO depletion in the DWSC, the key issue is
identifying the constituents primarily responsible for DO depletion below water quality
objectivesin the DWSC. Of equal importance is the origin of these constituents, their respective
loads and how reducing these loads will improve water quality in the DWSC.

Oxygen Demand Dynamics in the SIR DWSC Watershed. A major issue that needs to be
addressed in formulating a technically valid, cost-effective DO depletion control program for the
DWSC is an understanding of the dynamics of oxygen demand development and changes in the
oxygen demand that occur in the SIR during transport to the DWSC. As discussed herein, this
understanding of the dynamics of oxygen demand development, transport and fate upstream of
the DWSC must be addressed for the various seasons (monthly), especially during the late
spring, summer and fall. In addition, since the studies of the past three years were conducted
during wet-year periods, they may not be fully applicable during dry years. There is need to
consider how the wet-year versus dry-year conditions within the SIR watershed influence
oxygen demand dynamics within the DWSC watershed.

An issue that will need to be considered in developing nutrient control programs within the SIR
watershed is the potential adverse impact of such programs on the fisheries resources of the
Delta. Lee and Jones (1991) have shown that there is a direct relationship between fish
production in waterbodies and their nutrient loads. Since there is an interest in improving the
fisheries of the Delta, controlling nutrient inputs to the Delta from its tributaries could prove to
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be detrimental to Delta fisheries. This issue will need to be evaluated as part of any nutrient
management program within the Deltaand its tributaries.

City of Stockton Wastewater Discharges. The wastewater discharges from the city of Stockton
are, at times, potentially significant sources of oxygen demand for the DWSC. In addition to the
residual BOD present after treatment, the wastewaters, at times, can contain high concentrations
of algae that develop in the City’s treatment ponds. While at times the City filters its effluent to
remove many of the algae, at other times discharges of algae occur. This adds to the algal load
within the DWSC which could be significant during low SIR DWSC flow. Another factor to
consider with the City’ s wastewater discharges isthat they are not constant, but are often shut off
over the weekends, and then are allowed to occur again on Monday. This discharge pattern
could be influencing the oxygen depletion within the upper parts of the DWSC, especially near
Channel Point. The impacts of this discharge pattern on DO depletion in the DWSC need to be
evaluated.

The CVRWQCB has adopted a revised NPDES wastewater discharge permit for city of Stockton
which will limit the amount of ammonia discharged to the SIR because of the potential for these
discharges to cause toxicity to aquatic life. There is need to evaluate the degree of control that
the City must exercise to control ammonia-caused significant oxygen demand that influences DO
depletion in the DWSC.

DO “Crashes’ in the DWSC. One of the most significant issues that will need to be understood
is the origin of the DO “crashes,” where, for what appears to be short periods of time, unusually
low DO occurs at certain locations in the DWSC. At times there will be short-term DO
depletions to relatively low levels -- i.e,, 2 mg/L. These DO crashes are particularly significant
since they may ultimately become the controlling DO depletions that must be managed. At this
time, the causes of the DO crashes are not understood.

Some of the factors that may be responsible for the DO crashes include unusually high short-
term oxygen demand loads or other factors, such as decreased light penetration associated with
increased turbidity or color, that influence how oxygen demand discharged to the DWSC
influences DO depletion within the DWSC. There is need for intensive field studies involving
more frequent monitoring of sources and DO depletion than has been conducted in the past three
years. Such studies should be designed to understand and thereby control the DO crash episodes
that occur occasionally in the DWSC.

As discussed above, there are a number of issues related to the variability of the oxygen demand
loads present in the SIR at Mossdale and discharged by the City to the SIR upstream of Channel
Point in influencing the variability of oxygen depletion measured a week to two weeks later at
various locations in the DWSC. A Lagrangian approach needs to be adopted where load-
response relationships are examined at various locations within the DWSC as a function of travel
time to the location of interest. This approach needs to consider the tidal-induced longitudinal
mixing that occurs within the DWSC that would smooth the variable load inputs to the SIR to
minimize the variability in oxygen depletion and exported loads of oxygen demand and oxygen

127



deficits at Turner Cut. This will require more frequent sampling at various locations within the
DWSC to determine the variability in DWSC response parameters to upstream oxygen demand
loads. At thistime, thisissue has not been addressed.

DO Depletion within the South and Central Delta. At times, large amounts of oxygen demand
are delivered to the South Delta through the diversion of SIR water into Old River. As discussed
herein there are significant DO depletions below the water quality objective in the South Delta.
These DO depletions appear to be due to the presence of large populations of algae and their
photosynthetic/respiration activity. The role of SIJR-derived algae versus those that develop in
the South Delta, in causing the DO concentrations to fall below the WQO, is not understood.
Also, the influence of the city of Tracy’s wastewater discharges on South Delta water quality
needs to be evaluated.

Another factor is how these DO depletions in the South Delta will be influenced by the
installation and operation of the permanent barriers that CALFED is proposing to install in the
South Delta. Also of concern is the influence of the proposed increased export of South Delta
water through the State and Federal Projects, which again will cause manipulations of the
oxygen demand and flows in the SIR down OIld River and through the DWSC. Any mgor
changes in the flow patterns from what exist now need to be carefully evaluated before the
changes take place, to be certain that the problems that now occur because of diversions and
export pumping of water from the Delta do not make the DO depletion problem in the SIR worse
than it aready is.

Under high flow conditions of the SIR through the DWSC, appreciable amounts of oxygen
demand in the form of algae and, at times, nitrogenous BOD are diverted into the Central Delta
through the cross-SIR DWSC flow of the Sacramento River that arises from the export pumping
of South Deltawatersto Central and Southern California. No work has been done thus far on the
DO depletions in the Central Delta.  Studies need to be conducted before any plan to modify the
SIR flow through the DWSC isimplemented through the discharge of South Delta water through
the DWSC. This proposed flow management plan also needs to be evaluated with respect to the
quality of the water that would be discharged to the SIR DWSC from the South Delta via Old
River.

Oxygen Demand Dynamics between Mossdale and Channel Point. Foe, et al. (2002), as part of
the Strawman analysis, have addressed the issue of whether there are unusual or unexpected
changes in oxygen demand that occur between the SIR at Mossdale and the DWSC at Channel
Point. Confusing information has been presented on this issue, where claims of large amounts of
oxygen demand disappearance occurred in this reach of the San Joaquin River. There are
questions, however, about the reliability of that assessment, based on the ability to reliably
conduct a mass balance in the tidal part of the DWSC at Channd Point. Measurements at
Channel Point reflect dependence on tidal stage and direction, inputs from the SIR DWSC
downstream of this location, inputs from the upstream SJR and inputs from the Port of
Stockton’s Turning Basin. The Turning Basin has significantly different surface and bottom
water characteristics than the main body of the DWSC near Rough and Ready Island. Channel
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Point is an extremely difficult area to properly monitor and understand factors influencing algae
and oxygen demand concentrations in samples taken from this location. In order to properly
characterize the concentrations of constituents at Channel Point, an extensive sampling and flow
measurement program far beyond those that have been conducted thus far is needed to be able to
reliably clam that there are unexpected or unusual concentrations of oxygen demand
constituents in samples taken from Channel Point.

Foe, et al. (2002) have shown that the changes that occur in oxygen demand between Vernalis
and Mossdale are in accord with what would be expected, where there is increased algal growth
in the SIR between these two locations. Quinn and Tulloch (2002) have pointed out that there is
a major agricultural diversion (Banta Carbona) of SIR water between Vernais and Mossdale.
According to Quinn (pers. comm., 2002) during July 2001, the Banta Carbona diversion
represented about 200 cfs. This water district, therefore, has the potential to divert a substantial
part of the oxygen demand load present in the SIR at Vernalis and thereby reduce the total load
that is present at Mossdale.

Asshownin Figure 7, at 1,000 cfs of SIR flow through the DWSC there is about a 1.5-day travel
time between Mossdale and Channel Point, while at 600 cfs the travel time between these two
points is about 2.5 days. During a one- to two-day travel time between Mossdale and Channel
Point, significant changes in the oxygen demand, algae, etc., would not be expected. However,
under SIR DWSC flows of afew hundred cfs, such as frequently occurred in 2002, much longer
travel times exist between Mossdale and Channel Point, during which major changes in the algal
population and oxygen demand load constituents can occur. Thisis an area that needs intensive
study.

Overall, it does not appear that under SJR DWSC flows above about 600 cfs there is any unusual
behavior of oxygen demand loads present at Vernalis that cause the concentrations at Mossdale,
or for that matter at Channel Point, to be significantly different from what is expected. This may
not be the case, however, under extreme low flows of less than 500 cfs.

Development of a TMDL and Its Technical Allocation

As discussed above, the studies and information reported herein are part of support of a short-
timeline TMDL development program, where the CVRWQCB must develop a technical TMDL
for submission to the US EPA in June 2003. These studies were designed to support the SIR DO
TMDL Steering Committee in the development of a management plan that could be submitted to
the CVRWQCB in December 2002 for control of the low-DO problem in the DWSC. As
discussed in Appendix A, for avariety of reasons, the results of the studies fell short of achieving
the originaly established objectives. Further, the Steering Committee failed to develop the
implementation plan by the December 2002 deadline. This has resulted in the situation where
the CVRWQCB dtaff have had to assume the responsibility for development of an
implementation plan which will be incorporated into a Basin Plan Amendment that will be
initiated in June 2003. The CVRWQCB staff (Foe, 2002; CVRWQCB, 2003) have provided
their current approach for conducting the initial phase of the TMDL (Phase 1), which includes the
development and implementation of the Phase | TMDL implementation plan.
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It is the authors' conclusion, based on their experience in working on similar problems in other
areas, that there is an adequate information base now to establish a preliminary Phase | TMDL of
oxygen demand and to allocate the oxygen demand load responsibility for the discharge of
oxygen-demanding constituents that influence DO depletion in the DWSC, to the SIR DWSC
tributary mouths. Substantial additional work will need to be done during Phase | to refine the
TMDL, especially under atered meteorological/hydrological conditions, and to improve on the
predictive capability of the city of Stockton/Chen model to define the occasional excursions of
DO below the normal DO depletion in what are characterized as “ crashes.”

The 2000 and 2001 monitoring has defined the magnitude of the loads of oxygen demand from
each of the major tributaries to the SIJR and the changes in these loads along the SJR from the
Mud and Salt Slough area down to Mossdale. Therefore, at least during moderately wet years,
the expected oxygen demand loads at various locations within the SJIR watershed above
Mossdale, have been defined at the major tributary mouths. The magnitude of the loads will
likely vary somewhat from year to year and especially during drought years. However, the
overall conclusions, with respect to Mud and Salt Sloughs and the SIR upstream of Lander
Avenue being dominant sources of oxygen demand, will not likely change. The Central Valley
Regional Water Quality Control Board can alocate oxygen demand loads to the mouths of the
major tributaries to the SIR until such time as detailed oxygen demand load studies have been
conducted in each of the major tributary watersheds.

Technical Allocation of Oxygen Demand Load. The discussion presented herein on a suggested
allocation approach is based on the information available on technical issues. Thisis, therefore,
atechnically-based allocation approach. TMDL allocations of responsibility, however, are often
based on other social, political, and other factors. It has been the authors experience that
frequently the actual allocation for responsibility, and therefore funding to correct the problem,
largely ignores technical information and is based primarily on political or other non-technical
issues. This situation has been repeatedly found to lead to some stakeholders having to pay far
more for correcting the water quality problems than their technical responsibility indicates.

The CVRWQCB (2003) staff have recently released their proposed alocation of responsibility
for solving the DO problem in the DWSC. Their proposed approach allocates the responsibility
one-third to DWSC geometry, one-third to water diversions, and one-third to oxygen demand
constituent loads. The staff indicated that studies conducted during Phase | of the TMDL will be
used to refine this alocation. In mid-March 2003 the CVRWQCB a a SIR DO TMDL
workshop accepted the staff’s recommended approach for the initial allocation of oxygen
demand loads and a TMDL Phase | phased approach involving additional studies to refine this
alocation. The information provided below is pertinent to conducting these studies and the
refinement of this allocation.

In order to develop atechnical allocation of the responsibility for control of the low-DO problem
in the DWSC it is necessary to develop a common currency where the responsible parties for this
problem (the Port of Stockton, upstream of DWSC water diverters, and oxygen demand
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dischargers) and their responsibility for the low DO problem can be equated. A common
currency can be developed based on the dollars needed to eliminate a pound of oxygen deficit
below the WQO. As demonstrated by the Chen modeling discussed above (see Figures 14a and
14b), it is possible to equate the depth of the DWSC as well as SIR flow diversions to an oxygen
deficit. Similarly, it is possible to equate an oxygen demand constituent load from a source to an
oxygen demand deficit below the WQO in the DWSC. Through additional studies and refined
modeling conducted during the Phase | TMDL implementation, it would be possible to establish
the relationship between continued existence of the DWSC, water diversions and the discharge
of oxygen demand constituent loads to the dollars needed to aerate the DWSC to control DO
depletion below the WQO in the DWSC. Further, through the studies discussed herein, it would
be possible to relate the cost of controlling a pound of oxygen demand load discharged from a
particular source, such as the upstream watershed agriculture and managed wetlands, to
eliminating a pound of DWSC DO deficit.

There are several major issues that must be resolved in order to establish the technical allocation
of oxygen demand load control among the sources of oxygen demand. The most important of
these issuesis the responsibility that the Port of Stockton and those who benefit by the continued
existence of the Port/DWSC will assume/be assigned in helping to pay for correcting the DWSC
low-DO problem. This responsibility can be implemented by payments to a fund to help cover
the cost of aeration and/or oxygen demand constituent source control. The allocation of the use
of these funds could be developed by a stakeholder advisory committee that would be approved
by the CVRWQCB. It isimportant to understand that there is an interrelationship between flow
and aeration, where, with higher flows, more aeration is needed, up to a flow above which there
is no deficit in the critical reach of the DWSC.

Another non-oxygen-demand constituent load factor that is important to allocation of oxygen
demand constituent loads is the upstream of the DWSC diversions of SJR flow that could pass
through the DWSC if the upstream diversion did not occur. The impact of these diversions can
be translated to aeration/oxygen demand constituent control costs, in terms of reduced oxygen
demand loads that could occur if the upstream diversions did not occur through the approach
suggested by Chen discussed above.

The third oxygen demand allocation issue that needs to be resolved is the residual oxygen
demand load that the city of Stockton will be allowed to discharge to the SJIR just upstream of
the DWSC. The primary constituents of concern are ammonia and organic nitrogen. It is
suggested that the initial allowed oxygen demand load for the city of Stockton wastewater
discharges be set at the current carbonaceous BOD and organic NBOD loads. The ammonia
loads should be set at the loads that occur with the current effluent flows and a 2 mg/L ammonia
N effluent concentration. Basically the suggested allowed city of Stockton oxygen demand load
should be set at the current CVRWQCB revised NPDES permit conditions.

The fourth issue of primary concern in the traditional TMDL load allocation is the upstream of
the DWSC agal/BOD,, load that leads to DO concentrations in the DWSC below the WQO. In
traditional TMDLSs, the load alocation would be based on a fixed percentage reduction of
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nutrients from all sources without regard to the importance of the overall nutrient load or specific
loads to the water quality problem. While this approach may be appropriate for some situations,
it is not a technically valid approach for controlling low DO that occurs in the DWSC since
substantial parts of the nutrient loads discharged to the SIR and its tributaries do not develop into
algae that impact the DWSC DO resources. The oxygen demand source studies that have been
conducted identified Mud Slough, Salt Slough and the SJR upstream of Lander Avenue as the
primary sources of algae that contribute to low DO in the DWSC. Each of these waterbodies
watersheds could be assigned an oxygen demand discharge load, in proportion to their average
algal/BOD loads during the summer and early fall. Based on the information presented in Table
15, the summer average BOD, load from the three SJR tributary upstream watersheds is
distributed among the watersheds as follows: Mud Slough 40 percent, Salt Slough 40 percent
and SJR Lander 20 percent. These percentages could be used to apportion the responsibility for
the SJIR upstream discharges of oxygen demand load control.

A review of the SIR upstream oxygen demand loads for the summers of 2000 and 2001 shows
that the Merced River contributes an oxygen load to the upper SJR. Considering the BOD,, loads
during 2000 and 2001 including the Merced River discharged loads yields an average
responsibility for Mud Slough of 37 percent, for Salt Slough of 36 percent, for SIR Lander of 18
percent and for Merced River of 8 percent. These percentages could change as the 2002 data that
R. Dahlgren has collected in 2002 are made available and reviewed. While no SIR upstream
BOD measurements were made in 2002, the chlorophyll and pheophytin data that were collected
can be converted to equivalent BOD concentrations based on the 2000 and 2001 data.

Table 15 shows that the Tuolumne River and Stanislaus River contributed in 2000, 8,677 and
5,522 Ib/day of BOD, to the SIR, respectively, while in 2001 the respective contributions from
these two lower SJR tributaries were 3,625 and 3,774 Ib/day of BOD,. These BOD, loads, as
well as those from the Merced River, are different from the upper watershed loads in that they
are associated with lower concentrations of BOD, and higher tributary flows. Typicaly the
Tuolumne River and Stanislaus River BOD concentrations are about one-fifth to one-tenth of the
Mud and Salt Slough concentrations. Further, they are discharged lower down the SIR and
therefore there is less time for algal growth in the SIR before they reach the DWSC. The BOD
concentrations found in these rivers at the point that they discharge to the SIR are typical of
ambient water concentrations for non-polluted/non-nutrient-enriched situations. It will likely be
difficult to control the BOD of these river waters much below their current concentrations.
While not computed, because of the shorter travel times, the coupling between the discharged
BOD loads and the resulting load from these loads at Mossdale could be on the order of 2to 1 or
3to 1. Itisrecommended that theinitial upstream BOD load control program focus on the upper
SJR watershed tributaries because of the large coupling factor. It is suggested that the BOD load
sources in the Tuolumne River and Stanislaus River watersheds be determined to see if there are
readily controllable sources of BOD.

The allocation of oxygen demand load among stakeholders within a particular tributary
watershed will require severa years of detailed monitoring within the subwatershed, coupled
with developing a subwatershed stakeholder structure that would enable the stakeholders in a
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subwatershed to work together to develop an alocation process which could control the oxygen
demand loads from their respective sources to meet the allocated load at the tributary discharge
point to the SJR. The development of this information is at least several years away. The
TMDL will need to be conducted in a phased approach where the first phase will be largely
devoted to obtaining additional information on the specific sources of oxygen demand in the
Mud and Salt Slough, SJR upstream of Lander Avenue and the Merced River watersheds and
their potential for economical control.

An issue that is important to formulating an oxygen demand control program from the Mud and
Salt Slough and SJR upstream of Lander Avenue watersheds is the coupling of a reduced amount
of algal related oxygen demand discharged by the upstream waterbodies to the SIR, to the
oxygen demand reductions that will occur at Mossdale. While it is clear from the data that the
two are coupled, the studies thus far have not defined the details of this coupling. This
information may evolve from the HydroQual or other modeling that is currently being
developed.

A preliminary allocation of responsibility for oxygen demand load reduction from the SIR upper
watersheds could be developed based on examining the coupling of the tota BOD, loads
discharged by these upper watershed tributaries and the BOD loads found at Mossdale. Table 17
presents information that is used to establish the coupling between the sum of the average of the
BOD loads from the upper watersheds to the SIR and the BOD loads in the SIR at Mossdale.

Table17
Coupling Upstream SIR BOD,, L oadsto SJIR M ossdale BOD,, L oads
(Includes Mud and Salt Sloughs, SIR Lander and the Merced River)

Y ear Average Summer Average Summer Ratio of Mossdale
Sum of the SJR 2000 Mossdale | BOD, Load to Sum
Upstream BOD, BOD, Loads (Ib/day) | of Upstream BOD,
L oads (Ib/day) L oads
2000 21,550 120,358 5.6
2001 16,127 93,001 5.8

Based on this approach there is an about 1 to 6 coupling of the upstream BOD,, load to the SIR
by the upper watersheds to the SIR and the Mossdale BOD,, loads. One Ib/day of BOD, load
discharged by the upper watersheds to the SIR resultsin 6 Ib/day BOD, load at Mossdale. This
coupling applies to the summer conditions which include the irrigation diversions and the algal
growth that occurs during the two summers for which there are data. This coupling will likely
change in the fall when the irrigation diversions no longer occur and the growth of agae is
slowed due to lower temperatures and reduced sunlight duration.

The monitoring and HydroQual modeling studies conducted during the Phase | TMDL will
better define the coupling in upper watershed oxygen demand |loads discharged to the SIR from
Mud and Salt Sloughs, SIR at Lander Avenue, and the Merced River and the BOD loads that are
found in the SJR at Mossdale.

133



In order to establish the allowed SJR upper watershed oxygen demand loads, it is necessary to
establish the coupling between SIR Mossdale BOD,, loads and allowed oxygen depletion in the
DWSC that does not cause a WQO violation. Tables 3, 4 and 5 present the information to
establish a preliminary estimate of this coupling, where the total BOD,, load (Mossdale plus City)
to the DWSC and the oxygen deficit that occurred for various total BOD, loads to the DWSC
during the summer and fall of 1999, 2000 and 2001 for the monitoring runs that were conducted
by the city of Stockton are compared. Table 18 presents a summary of these data.

Table 18
Relationship between Total BOD, Load to the DWSC and the
Oxygen Deficit in the DWSC

Date Flow (cfs) Mossdale + Sum of DO DO Deficit Ratio of
City (Ib/day) Deficits (Ib/day) Total BOD,
below WQO to Deficit
(Ib) below WQO

1999
8/24/99 850 64,226 16,300 1,734 37
8/31/99 1,024 64,984 14,540 1,864 35
9/07/99 1,022 120,350 28,170 3,612 33
9/14/99 1,157 130,160 59,470 8,619 15
9/21/99 1,135 146,109 32,680 4,669 31
9/28/99 395 45,856 53,960 2,658 17
10/05/99 494 64,013 76,340 4,712 14
10/19/99 623 72,407 78,430 6,127 12
10/26/99 592 75,952 57,340 4,247 18

2000
6/20/00 1,202 92,731 0 - -
6/27/00 652 50,193 5,360 436 115
7/11/00 634 52,600 790 63 835
7/18/00 662 49,415 9,290 768 64
7/25/00 770 60,680 5,150 495 122
8/01/00 759 47,806 10,930 1,041 46
8/08/00 837 42,610 10,180 1,060 40
8/15/00 725 45,933 3,440 313 147
8/22/00 1,251 46,532 0 - -
8/29/00 1,447 57,571 0 - -
9/12/00 1,277 54,237 0 - -
9/19/00 1,224 60,623 10,490 1,614 38
9/26/00 1,372 54,785 0 - -
10/03/00 1,201 79,186 17,530 2,616 30
10/17/00 2,141 80,626 0 - -
10/24/00 2,416 153,845 0 - -
10/31/00 573 55,520 0 - -
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Table 18 (continued)

2001

6/12/01 674 68,578 4,840 407 168
6/19/01 610 69,116 23,570 1,799 38
6/26/01 746 67,392 38,220 3,572 19
7/10/01 622 74,981 27,380 2,122 35
7/17/01 657 56,202 17,670 1,448 39
7/24/01 618 51,546 30,310 2,350 22
7/31/01 599 48,374 27,280 2,036 28
8/07/01 577 45,603 1,720 124 368
8/14/01 583 61,912 17,430 1,272 49
8/21/01 626 44,625 26,070 2,037 22
8/28/01 634 39,787 28,120 2,232 18
9/11/01 610 50,763 19,030 1,453 35
9/18/01 792 61,672 47,370 4,690 13
9/25/01 1,143 64,195 42,940 6,134 10
10/02/01 785 68,010 32,950 3,230 21
10/16/01 1,279 58,724 0 - -
10/23/01 2,068 67,052 0 - -
Overall

Box M odel 930 84,000 20,000 2,300 36

(Figure 16)

- No deficit on that day

Table 18 shows that the DWSC DO deficit ranged from O to 8,619 Ib/day, with the overall
average for the three years of 2,300 Ib/day (see Figure 16). The ratio of total BOD, load to
DWSC DO deficit (when there was a deficit) ranged from 10 to 835 with an average of 75. This
coupling can be used to estimate the allowed combined city of Stockton BOD,, loads to present
DO depletion below the WQO for a given SIR DWSC flow through the DWSC. No relationship
was seen in these data between the SIR DWSC flow and the magnitude of thisratio.

Each mg/L of DO deficit in the DWSC is equivalent to 40,000 Ib of oxygen. The DWSC during
the summer typically has an oxygen assimilative capacity of about 3.5 mg/L times 40,000 Ib,
without violating the DO WQO. This is based on the difference between the oxygen saturation
value of 8.5 mg/L and the WQO, assuming a temperature of 25°C in the DWSC.

Nine out of the 43 sampling events conducted by the City during the three years of study found
no DO deficit measured in the DWSC. These nine runs occurred when the SIR DWSC flow was
above 1,200 cfs. There were two sampling runs during the study period when SIR DWSC flow
was above 1,200 cfs and there was a measured deficit. The two occasions when DO deficits
were found during a high SIR DWSC flow occurred during a major algal bloom in the DWSC.
It appears from these data that a SIR DWSC flow above about 1,200 cfs pushes the minimum
DO sag downstream to eliminate any DO deficits upstream of Turner Cut.
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The data in Table 18 were examined for a possible unusual influence of the city of Stockton
ammonia discharges that resulted in a measured elevated ammonia concentration at Channel
Point. In genera, it is found that low ratios of Mossdale load to DWSC DO deficit were
associated with elevated concentrations of ammonia at Channel Point. This could be an
indication of enhanced ammonia nitrification, which would cause greater DO deficits than
predicted based on the sum of the Mossdale and City BOD,, loads being exerted under normal
rates of nitrification.

Specia consideration will need to given to stormwater runoff situations where stormwater runoff
from Stockton and other near-DWSC watershed communities has the potentia to add substantial
oxygen demand to the lower SIJR and directly to the DWSC. In some years, one or more storms
occur in the fall that could be a factor that leads to low DO in the DWSC. Thereis need to give
special consideration to oxygen demand load conditions and their allocation to sources during
rainfall runoff conditions that occur each fall.

The amount of the allowed upstream constituent oxygen demand load can be adjusted to the
extent that the Port of Stockton and water diverters assume or are assigned responsibility for
affecting the oxygen demand assimilative capacity of the DWSC. Since the water diversions
also remove oxygen demand from the SJR, it will be important to weight the effect of the water
diversions on decreasing the oxygen demand assimilative capacity versus the decreased oxygen
demand of algae that occurs as aresult of the diversions.

The initial phase of the TMDL will need to be devoted to pilot studies of aeration of the DWSC
to control the low-DO problem. Particular attention will need to be given to how best to provide
the needed oxygen at least cost. In addition, an engineering evaluation of the potential to achieve
at least control of flow, if not enhanced flow, of the SIR through the DWSC will need to be
conducted during the initial phase of the TMDL implementation.

Thisinitial phase of the TMDL implementation will likely require about five years. At that time,
with continued substantial support of ongoing studies specifically directed toward evaluating the
implementation of control programs, it should be possible to formulate a low-DO management
program for the DWSC which would represent the final phase of the TMDL.

Summary of the Proposed Oxygen Demand Load Allocation Process. The proposed approach
for technical alocation of oxygen demand (OD) loads/factors that leads to DO concentrations in
the DWSC below the water quality objective follows traditional TMDL alocation approaches of
determining, for selected SIR DWSC flow regimes (50 to 500, 500 to 1000, 1000 to 1500, 1500
to 2000 and above 2000 cfs), the DO deficit that has occurred or would likely occur during June,
July, and August; September; and October and November. These oxygen deficits can then be
trandated to reduced oxygen demand loads to the DWSC during each of the seasons for each of
the months. No attempt is being made at this time to suggest the magnitude of the couplings that
would be used in an initial allocation approach of oxygen demand loads for the winter DO
depletion problems since the situations that have occurred in past winters, especially 2003, need
to be investigated to better understand the factors involved.
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Under the suggested preliminary allocation approach, the city of Stockton would be allowed an
oxygen demand load equivalent to its current CBOD and organic nitrogen NBOD and ammonia-
related load that would occur under the current 2 mg/L N wastewater effluent limitation. The
City’s load would become an important part of the total load beginning in September when the
ammonia concentration in the City’ s effluent normally increases above about 2 mg/L N.

The remainder of the oxygen demand load not accounted for by the City’s allowed loads would
be assigned to the Mud/Salt Slough, SJIR Lander Avenue and Merced River watersheds, in
proportion to their average monthly contributions during 2000 and 2001. This could be modified
when the 2002 data that have been collected by R. Dahlgren are reviewed. With the cessation of
irrigation in August, it may be necessary to increase the coupling factor between the Mossdae
load and upstream algal loads due to lack of irrigation diversion of the algal loadsin the SJIR.

Under this alocation process, the stakeholders in these watersheds would have the responsibility
to control oxygen demand loads discharged by the watershed to the SIR to achieve the allowed
discharge load, assuming a direct proportionality coupling between what has been discharged in
the past and the SJIR loads that occur at Mossdale. For now, none of the other tributaries to the
SIR would be assigned a responsibility for load control. That could change in the future as
additional information is devel oped.

The Port of Stockton’s responsibility would be developed based on the extent that the Port of
Stockton is assigned or assumes responsibility for the hydromodification that has occurred
associated with the development of the Deep Water Ship Channel and its continued existence.
This responsibility could be manifested in the form of a commitment for funding to pay for
oxygen demand constituent control of the upper watershed loads and/or aeration. The allowed
loads from the upstream watersheds could be reduced proportional to the funding made available
by the Port to cover, in part, its and its benefactors’ responsibility for the DO problem in the
Deep Water Ship Channel. If state or federal funds can be obtained by the Port and its
stakeholders to help pay for oxygen demand constituent control and/or aeration, those funds
would be part of the Port’ s satisfying its responsibility.

Similarly, if the diverters of water that cause a decreased flow in the SIR through the DWSC
during June through March, assume a financial responsibility proportional to the costs of aeration
or oxygen demand constituent control to achieve a certain reduction in oxygen deficit related to
the decreased flow that occurs as a result of upstream diversions, the amount of oxygen demand
constituent control that would have to be practiced by the SIR upstream watershed stakeholders
could be reduced proportionate to the flow diverter-assumed responsibility. It is important to
note that while there are some who claim that the Clean Water Act does not allow the assignment
of aresponsibility for hydromodification as an allocation of equivalent load, there are a number
of senior US EPA staff (A. Strauss (2002) of the US EPA Region 9, and B. Zander (2002) of the
US EPA Region 8) who have indicated that hydromodifications could lead to an assignment of
responsibility to water diversions or other water modifications that contribute to a TMDL
problem.
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The adoption of the suggested technical allocation approach should stimulate the upstream
watershed stakeholders to pursue the determination of the potential economic feasibility of
controlling algal growth during the summer and fall months that leads to low DO in the DWSC.
Studies conducted during the Phase | TMDL will better define the impacts of algal-related
oxygen demand and ammonia-related oxygen demand on the DO deficit in the DWSC, aswell as
the trandation factor between algal oxygen demand discharge at the mouths of the three
upstream watersheds and the loads that arrive at Mossdale. Also a better understanding will be
achieved of how the measured Mossdale load during any month translates to a DWSC load under
the low flow conditions.

In three to five years, as part of completion of Phase | of the TMDL, it will be possible to refine
this allocation approach to take into account the new information that is developed during Phase
I. Ultimately, a Phase Il alocation of responsibility will be developed and implemented that
should begin to effectively solve the low-DO problem in the DWSC.

Guidance on Monitoring Program during Phasel TMDL Implementation

With the development of the first phase of the TMDL implementation program, there will be
need to establish a long-term monitoring program designed to assess the effectiveness of the
implementation program and, most importantly, to continue to gather information on the factors
controlling the development of oxygen demand in the SIR DWSC watershed and depletion of
DO in the Deep Water Ship Channel. A specific project should be developed which reviews the
existing data on the characteristics of the oxygen demand loads, their sources and the impacts on
DO resources within the DWSC for the purpose of developing a TMDL Phase | monitoring
program. The objectives of this program should be clearly defined. It should be designed and
devel oped with adequate funding to meet the appropriate objectives.

Lee and Jones-Lee (2002c) have recently completed comprehensive guidance for conducting
nonpoint source water quality monitoring and evaluation programs. They point out that many
so-called water quality monitoring programs fail to develop reliable assessments of the current
water quality of the waterbody being monitored. Their review should be consulted and followed
in the development and implementation of the TMDL Phase | program. In particular the
following issues should be addressed in developing the TMDL monitoring program.

Organizing a Water Quality Monitoring Program. The development of a comprehensive
nonpoint source water quality monitoring program involves consideration of each of the
following:

o Clearly establish the objectives of the monitoring program.

e Understand the nature of “water quality,” water quality concerns, beneficial uses, and
their assessment for the waterbodies of concern.

e Select the parameters to be measured and justify potential significance of each parameter
selected.
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e Examine previous studies to understand variability in each area of the waterbody to be
monitored.

o List factors that can influence results of the monitoring program and how they may
influence the results.

o Determinethe level of confidence at which the objective is to be achieved.

e For each area of each waterbody to be monitored, determine the number and location of
samplesto be collected.

e If no data are available from previous studies or if existing data are inadequate to define
variability and other characteristics needed to establish a reliable monitoring program,
conduct a pilot study of representative areas to define the characteristics of the area that
are needed to develop areliable water quality monitoring program.

e If the purpose of the monitoring program is to determine changes in water quality
characteristics, select the magnitude of change that is to be detected and design the
monitoring program accordingly.

e Select sampling techniques and methods of analysis to meet the objectives and level of
confidence desired.

o Verify that analytical methods are appropriate for each area of the waterbody and at
various seasons.

e Conduct studies to evaluate precision of sampling and analytical procedures and
technique, reliability of preservation, and variability of the system.

o Critically examine the relationship between present and past studies.

o Determine how the data will be analyzed, with respect to compliance with Basin Plan
objectives, using existing data or synthetic data that is expected to be representative of
the site.

e Screen/evaluate data as they are collected.

e Anayze, interpret and store data, and report on the results of the anaysis and
interpretation.

Information on each of these areasis presented in the Lee and Jones-L ee (2002c) report.

The San Joaquin River DO TMDL Phase | will require intensive monitoring/evaluation of
various parameters within the Deep Water Ship Channel (DWSC) and upstream of the DWSC as
well asin the Central and South Delta. There are several purposes for monitoring of the DWSC.
These include evaluating the effects of the experimental aeration program. Another purposeisto
further define the magnitude of oxygen demand loads of various types and from various sources,
and the resultant dissolved oxygen (DO) depletion within the DWSC. The DWSC monitoring
should be primarily devoted to evaluating the factors influencing DO depletion, such as the
relative contributions of ammonia versus carbonaceous BOD in the form of algae, the role of
short-term thermal stratification in influencing DO depletion, the role of sediment suspension as
a cause of DO depletion in the near-bottom waters of the channel, and the impact of SIR flow
through the DWSC on DO depletion and the location of maximum DO deficit.

Further, there will be need for monitoring/evaluation in several of the maor tributaries to the
SIR, especialy the Mud and Salt Slough watersheds and the SIR upstream of Lander Avenue.
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The purpose of this watershed monitoring is to determine the specific sources of nutrients/algae
that lead to the elevated algal concentrations that are found at the mouths of Mud and Salt
Sloughs and in the SIR at Lander Avenue. Also there is need to evauate the relationship
between and oxygen demand load added to the upper part of the SIR watershed and the amount
of the load that reaches the DWSC. The SIR monitoring program will need to focus on the
oxygen demand loads and factors influencing the transport and transformation of these loads
from the Mud and Salt Slough discharge points to the DWSC. This monitoring will be akey part
of providing the information needed for the HydroQual modeling of oxygen demand that is
added to and transported by the SIJR upstream of the DWSC. Further, special-purpose
monitoring/evaluation will need to be conducted between VernalisMossdale and the DWSC
(Channel Point) to resolve issues pertinent to the fate of oxygen demand in this reach of theriver.

In addition, during the TMDL Phase I, there will be need for monitoring/evaluation in the
Central Delta, to determine whether high SIR DWSC flow transports sufficient oxygen demand
into the Central Delta through Turner Cut and Columbia Cut to cause low-DO problems in these
Cuts or Middle River. Also, there will be need to further characterize the water quality in the
South Delta and, especially, the factors influencing this water quality, as part of determining the
potential impacts of using low-head, reverse-flow pumping across one or more permanent
barriersin the South Deltain order to supplement flow in the SIR downstream of Old River.

The TMDL Phase | proposed monitoring/evaluation studies should be designed to fill
information gaps and provide the information base needed for the California Environmental
Quality Act (CEQA) review that will need to be conducted as part of adopting the final DWSC
low-DO management program. This program should be conducted to provide specific
information that is needed to finalize the TMDL that will be developed at the end of Phasell.

Support of Aeration Studies. One of the primary areas of emphasis for the Phase | TMDL is
that of gaining an understanding of the amount of aeration and how best to apply it to prevent
DO, during Phase I, from going below the interim target of a seven-day running average of 5
mg/L, with no value less than 3 mg/L. As formulated now, these requirements will apply at all
times and all locations. In order to determine if the requirements are met, a comprehensive
monitoring program will need to be conducted. While some insight has been gained into when
and where DO values in the channel are less than these values, it is not possible at this time to do
more than generaly predict when dissolved oxygen concentrations less than these values will
occur at a particular location.

There is a substantial amount of DO data on the Deep Water Ship Channel that have only been
partially analyzed with respect to the factors controlling DO depletion below the interim DO
water quality goals. The first step in the Phase | aeration monitoring program should be a
detailed review of the existing data, where an attempt should be made to utilize the existing
information and the characteristics of the DWSC to predict the magnitude of DO depletion at
various locations, especially in the early morning hours when the DO tends to be the least in the
near-surface waters, and apparently at any time (although this has not been confirmed) when the
DO isleast in near-bottom waters.
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Previous studies have shown that elevated SIR flow through the DWSC tends to push the point
of minimum DO further down the channel to and below Turner Cut. There is need to better
understand this relationship. Of particular interest is the relationship between the planktonic
algal chlorophyll and ammonia loads to the DWSC, and the position of the maximum DO
depletion. Ultimately, this initial review of the existing database should focus on developing a
mass balance model that can be used to predict where DO deficits of a certain magnitude would
occur inthe DWSC.

It may be possible, through the use of an expanded Chen model, to predict DO depletion at
various times and locations in the DWSC as a function of the factors controlling the exertion of
oxygen demand in the DWSC. Eventually, the Chen model will need to be expanded so that a
relationship between the currently predicted average DO in the water column to the near-surface
and near-bottom DO can be predicted. In order to do this, the Chen model will need to be
verified that it can, in fact, reliably predict DO depletion at various locations and times given the
loads of oxygen demand, flow, and other conditions that are known to influence DO depletion, as
presented in the 43 city of Stockton monitoring runs that took place from 1999 through 2001.
This evaluation of the Chen model should be conducted as soon as CALFED can make funds
available for this purpose. If this model is found to be reliable, it will be useful in establishing
the experimental aeration program and its associated monitoring. This approach is in accord
with the CALFED external Peer Reviewers' comments discussed below.

Once the initial aeration unit(s)’s placement has been worked out and it (they) are ready to be
operated, then monitoring of DO should be conducted at critical locations within the DWSC in
such away as to examine how the aeration influences the DO depletion that would be occurring
in its absence. By varying the magnitude and location of aeration, and specifically choosing
conditions of high and low chlorophyll loads and high and low ammonia loads as a function of
SIR DWSC flows and season (summer versus fall), it should be possible to gain considerable
insight into how the DWSC responds to various factors that influence DO depletion and how
aeration can be used to correct DO depletions below the initial target and then the ultimate
(projected final) DO water quality objective. Further information on the potential cost of
aeration should become available from these studies.

By the end of the first year of the Phase | TMDL, sufficient knowledge on the various issues
pertinent to managing DO depletion through aeration as a function of parameters that influence
DO depletion should have been gained so that a proactive monitoring/modeling program can be
established where, through continuous measurements of chlorophyll at Mossdale, flow of the
SJR through the DWSC at the UVM, city of Stockton ammonia loads, water temperature,
turbidity, coupled with Chen or some other model, it will be possible to predict the magnitude
and location of DO depletion within the DWSC. A detailed monitoring program of DO
depletion within the DWSC will need to be conducted to develop and then implement this
proactive monitoring approach. By the third year of Phase I, this proactive monitoring should be
developed sufficiently so that it becomes a reliable tool upon which to base aeration operations,
such as when to turn on the aerators, where to locate them, etc.
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It is expected that the funding of the monitoring associated with the experimental aeration will
involve at least one crew with a boat that, from late May through at least mid-November, can be
on the water making selected measurements. It will be important to have DWR continue to
operate the continuous fluorometer at Mossdale and at the Rough and Ready Island monitoring
station. These fluorometers, however, may need to be upgraded to provide more reliable results,
as influenced by temperature and turbidity, than is apparently being achieved now with the
current instrumentation. Also, turbidity measurements should be made at these locations, as well
as diel (day/night) DO and electrical conductivity. In addition, arrangements should be made to
work with the USGS to get a continuous reatime read-out on the UVM monitoring of the net
SIR flow through the DWSC. The operation of this TMDL Phase | monitoring/evaluation
program should be guided by a small expert panel, who would criticaly review the data as they
are generated and make recommendations on changes in the program.

Monitoring/Evaluation of Oxygen Demand Loads for the Mainstem of the SIR Upstream of
the DWSC. The monitoring of the SIR during 2000-2001 by Kratzer and Dileanis, and Dahlgren
has provided a database upon which Chris Foe has developed the Strawman analysis of upstream
of the DWSC oxygen demand/algae sources. This analysis shows that substantial oxygen
demand is added to the SJR upstream of where the Merced River enters the SJR. At times, as
much as 90 percent of the oxygen demand load present in the SIR at Mossdale can be attributed
to the discharge of algae to the SIR by the Mud and Salt Slough watersheds and the watershed
upstream of Lander Avenue (upstream watersheds).

There is appreciable growth of algae and, therefore, an increase in oxygen demand load along the
SIR to VernaligMossdale. While the box model mass balance approach has provided some
insight into the dynamics of oxygen demand in the SIR upstream of Mossdale, there is need to
refine this understanding so that it is possible to relate oxygen demand loads that enter the SIR at
any location to the amount of that load that increases in magnitude due to algal growth and
decreases due to agricultural irrigation diversons and death of the algae as well as their
predation.

HydroQual, under a proposed contract with CALFED, is to develop a model of oxygen demand
dynamics for the SIR from the upper reaches of the river to the DWSC. This model will initially
make use of the existing Kratzer/Dileanis and Dahlgren databases. There will be need, however,
for considerable additional special-purpose monitoring of the SIR oxygen demand loads and the
factors influencing these loads at various locations within the SJR, the SIR at Highway 165
(Lander Avenue) and the DWSC. This monitoring will need to take place over a several-year
period and be closely integrated with the HydroQual modeling efforts. All of the parameters that
are thought to potentially impact oxygen demand load at various locations in the SIJR upstream
of the DWSC will need to be monitored, including flow of the mainstem and tributaries at
various locations, planktonic algal chlorophyll and pheophytin, zooplankton, turbidity,
magnitude of irrigation diversions and tailwater returns, etc.
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One of the primary objectives of the HydroQual modeling should be to develop an oxygen
demand load-response model of the SIJR upstream of the DWSC, which considers the various
factors which influence how algal loads and water added to the SIJR at various locations and
water diversions influence the amount of oxygen demand from upstream sources that enter the
DWSC. While the current information shows that there is a coupling between the magnitude of
oxygen demand loads discharged to the SIR from the Mud and Salt Slough watersheds and the
SIR at Lander Avenue watershed, and the magnitude of the oxygen demand load at Mossdale, it
may not be possible, with the current information base, to predict the magnitude of decreased
upstream load needed to achieve a certain decrease in oxygen demand load that reaches the
DWSC. The ultimate goal of the modeling/monitoring should be the development of these
relationships with sufficient reliability to have confidence that if the agricultural and managed
wetlands interests in the Mud and Salt Slough and SJR upstream of Lander Avenue watersheds
are told that they need to reduce the magnitude of their oxygen demand load that develops at the
mouths of these tributaries by a certain amount to achieve the desired oxygen demand load to the
DWSC, they will be confident that their efforts will achieve the desired oxygen demand load to
the DWSC reduction.

One of the issues that will need to be addressed to begin to understand the reported changes in
algal types that occur in the SIR upstream of Vernalis is a comprehensive monitoring program at
various locations in the SIR to determine the numbers and dominant types of planktonic algae
present in the SIR. Since the travel times through the SIR are such that it is not possible to grow
new populations of algae so that the planktonic algal chlorophyll that is present does not change
to any significant extent as the water moves down the SJR to the DWSC, there is need to
understand why the algal types apparently change rapidly in the SIR at a particular location
upstream of Vernalis. It is possible that these apparent changes relate to different water masses
with different algal content being discharged by Mud Slough or Salt Slough or developed in the
SJR upstream of Lander Avenue, which enter the SJR as patches that are carried down the SIR to
the DWSC. The SIR monitoring program should be designed to address this issue.

It is likely that several Lagrangian-type studies, using dye tracers, will need to be conducted in
the SIR between the Merced River and Mossdale in order to establish/verify that the processes
that govern the changes in oxygen demand that have been observed along the River are
understood and can be quantified.

There has been some controversy about the fate of algae and oxygen demand in the reach of the
SIR between VernaisMossdale and Channel Point. It is unclear whether the controversy is
related to inadequate sampling by some investigators to properly characterize oxygen demand
loads at Channel Point or is related to processes that influence oxygen demand loads that occur
between these two locations. The flow pattern at Channel Point is extremely complex, controlled
by tides, net downstream SJR flow, and the mixing with the Port of Stockton Turning Basin
waters. Since each of these sources has a different oxygen demand content that is varying hour
by hour and with depth, especialy for the Turning Basin, attempting to obtain reliable mass
fluxes at Channel Point requires a much more comprehensive monitoring program than has been
conducted thus far. Consideration should be given to adding one or more additional monitoring
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stations between Mossdale and Channel Point to better characterize the concentrations of
constituents in this reach of the River. It has been suggested that possibly a monitoring station at
Bowman Avenue should be added.

It is possible that under conditions of low SJR flow into the DWSC there could be appreciable
BOD removal between Mossdale and Channel Point. Under conditions of norma SJR flow
through the DWSC of 500 or more cfs, the travel times in this reach are too short to allow for
major changes in algal types or algal biomass (through either growth or death). It will likely be
necessary to conduct Lagrangian-type studies, using dye tracers, to follow several dye releases
made at Mossdale, in order to determine whether there is anything occurring to oxygen
demand/algae other than what would be expected based on travel time and algal growth and
death dynamics by the time the water reaches Channel Point.
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Comments on San Joaquin Valley Drainage Authority Proposal,
“Monitoring and I nvestigations of the San Joaquin River and Tributaries
Related to Dissolved Oxygen,” dated March 13, 2003

As part of developing a monitoring program to provide additional information on nutrient and
algal sources and algal population dynamics within the SIR DWSC watershed, several
individuals who have been associated with the SIR DO TMDL previous studies began work in
the fall 2002 to develop a SIR DWSC watershed monitoring program that would be submitted as
a Directed Action proposal to be funded by CALFED. This monitoring program was to be
conducted through and in support of agricultural interests in the SIR DWSC watershed. Lee
(2003a) provided comments on the significant technical deficiencies in the January 2003 draft
proposed monitoring program. Similar comments on deficiencies in this program were provided
by Foe (2003). The Lee and Foe comments are available from the SIR TMDL website
(www.grtmdl.org). On March 18, 2003, the San Joaquin Valley Drainage Authority made
available, through the SIR DO TMDL website (www.grtmdl.org), a research proposal entitled,
“CALFED Directed Action Proposal for Monitoring and Investigations of the San Joaguin River
and Tributaries Related to Dissolved Oxygen.” This proposal was not provided to the SIR DO
TMDL Steering Committee prior to submission. The Steering Committee, however, without
reviewing the proposal, approved its submission to CALFED.

As discussed below, the proposal submitted to CALFED has significant deficiencies compared to
the needed studies. Many of these deficiencies were pointed out to the upstream monitoring
stakeholder group in an initial review of the preliminary draft proposal. Since the deficiencies
were not addressed in the final proposal, either a supplemental proposal will need to be
submitted to CALFED to address these deficiencies or CALFED will need to require that the
proposa be significantly modified from that submitted, in order to provide the Phase | TMDL
information that should be developed in an upstream monitoring program. Key issues of concern
with respect to the adequacy of the March 13, 2003, proposa in providing the needed
information for the Phase | TMDL are summarized below. More detailed information on these
issuesis available from Lee (2003Db).

These comments on the SIR upstream studies that should be conducted during Phase | of the SIR
DO TMDL are based on the author’s review of the data that have been generated in the SIJR and
DWSC studies beginning in 1999 and continuing through 2002. They are also based on over 40
years of professional experience in developing water quality data that are to be used in a
regulatory program. As discussed in the comments on the draft proposal, many of the problems
in the proposed monitoring program reflect a lack of review of the May 2002 draft Synthesis
Report and the supplements to that report that have been made available to the SIR DO TMDL
Steering Committee. It is essential that the upstream monitoring program be devel oped based on
a comprehensive review of the information that is presented in the May 2002 draft Synthesis
Report and its supplements and the reports that serve as a basis for this report, as well as the
information that is available in the literature that is pertinent to these issues.
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One of the fundamental problems with the upstream monitoring proposal submitted to CALFED
is that the objectives of the proposal are not in tune with developing the information in a timely
manner that is needed in the Phase | TMDL effort. Much of the over-$6-million proposal is
focused on developing information that appears to be designed to evaluate the reliability of the
previous monitoring studies and the conclusions that have been developed from them with
respect to the primary sources of oxygen demand in the SIR DWSC watershed. The conclusions
that Mud and Salt Sloughs and the SIR at Lander Avenue are the primary sources of algae that
lead to the high algal oxygen demand loads that are discharged to the DWSC is not an issue that
needs further investigation. Additional studies are not going to change this conclusion.

The objectives of the upstream monitoring program should be focused on the following areas:

Developing the data that is needed for reliable modeling of the relationships between
Mud and Salt Sough and SJR at Lander Avenue algal oxygen demand loads and the
oxygen demand loads that enter the DWSC.

It is understood that the CALFED HydroQual modeling contract is still a viable contract,
where the contracting problems are being resolved. Under these conditions the focal
point of the upstream monitoring/evaluation studies should be to develop the data needed
by HydroQual to be able to relate Mud and Salt Slough and SIR at Lander Avenue
oxygen demand loads to oxygen demand loads that reach the DWSC. There should be no
need for $826,250 of additional funding for Task 6-Modeling, so long as the HydroQual
modeling contract is a potentially viable contract. Under these conditions, as suggested
previously in the author’ s recommended upstream monitoring discussed elsewhere in this
report, HydroQual staff should meet with those developing the upstream monitoring and
others interested and knowledgeable, to define the data needed to develop and use the
HydroQual modeling results to define the relationships between oxygen demand loads
discharged to the SJR by the upstream watersheds and those that reach the DWSC.

One of the maor deficiencies with the proposed monitoring program is the failure to
include zooplankton and other organism grazing of algae in the SJIR. Without this
information the modeling will have a major information gap which can readily cause it to
be an unreliable tool for relating changes in upstream oxygen demand loads to those
discharged to the DWSC.

The Task 4 monitoring effort needs to be reorganized to focus more on support of the
modeling. As discussed in the comments on the initial draft proposal, the two-week
summer/fall sampling frequency and the monthly winter sampling frequency adopted by
Stringfellow, et al., ignore the substantial database that exists which shows that major
changes in load characteristics can occur between sampling events that will not be
defined with these sampling frequencies. Examination of the existing database associated
with the most significant DO depletion that has occurred in the DWSC during the period
mid-January 2003 through early March 2003 shows that sampling a month apart could
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readily have missed characterizing the loads and conditions that influenced this low-DO
episode.

Further, it is well known from past studies that there are pulses of oxygen-demanding
materials, inorganic turbidity and/or color of a few days to a week or so in duration that
influence DO in the DWSC. Sampling the SIR upstream of the DWSC at two-week
intervals is not adequate to define these situations. In order to properly develop the
modeling, it is necessary that a much higher frequency sampling be developed, of no
greater than one week at the fixed sampling locations. The proposed SCUFA approach
for continuous monitoring of a few selected parameters will not adequately address this
issue. In addition, if there is to be a distinction between summer and winter sampling
frequency, there is need to start the “summer” monitoring program in May in order to
ascertain the loads of oxygen demand materials and their sources that |ead to the low DO
that has occurred for several years in early June. Further, the “winter” monitoring must
be continued through March, since DO problems have been encountered during
November, December, January and February in recent years.

Sources and fate of oxygen demand between Vernalis and Mossdale, and Mossdale and
the DWSC.

Task 8-Linkage of the upstream monitoring proposal that is to be conducted by Dr. G.
Litton is an important component project that should be supported.

Component projects that should not be included in the proposal include the following:

Task 5-Algal Growth and Task 7-BOD Characterization, which have a combined budget
of approximately $1.5 million, should be deleted from these studies since, as discussed in
comments on the draft proposal, the proposed algal growth dynamic studies and the
attempts to determine the source of the oxygen demand constituents based on isotopic
anaysis will not yield reliable, useful information for the Phase | TMDL effort. It
appears that the authors of the isotopic studies do not understand that there is a significant
discrepancy between total organic carbon or dissolved organic carbon and oxygen
demand. The issue is not, as proposed, the upstream origin of the TOC measured at a
particular location in the SJR. As discussed in the author’s comments on the initial draft
proposal, since it is not possible to measure the isotopic composition of the oxygen
demand constituents in a sample, it is not possible to reliably use this approach to
determine the origin of the oxygen demand that is measured at a particular location in the
SJR. Even if it were possible to make this distinction, this information would not be of
any significant value in the TMDL effort beyond what is already known. The same
situation applies to the origin of the nutrients. These issues are aready defined, based on
past monitoring studies.

As previously discussed, the laboratory studies on algal growth dynamics proposed in
both the draft and final proposal will provide little or no useful information for the Phase
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| TMDL. Stringfellow, as the lead Pl on Task 5, is still attempting to prove that heavy
metals or nutrient limitations, etc., play a major role in oxygen demand development in
the SIR watershed. The existing data clearly demonstrate that algae are growing in the
SIR watershed and its tributaries at the rate expected, and that this growth is not
controlled by nutrient concentrations or heavy metals.

Deleting Task 5 and Task 7 from the project will free up about $1.5 million that can be
used to beef up Task 4 monitoring to include a more appropriate frequency of sampling
and to expand on a new task (Task 10) to address one of the most important issues that
should be developed as a result of the upstream monitoring/evaluation studies. Both Foe
(2003) and Lee (2003a) have commented on the draft proposa on the failure of
Stringfellow, et al., to include studies devoted to understanding algal growth dynamicsin
the headwaters of Mud and Salt Sloughs and the SIR at Lander Avenue. As discussed
elsewhere in this report and as was made available to the SIR DO TMDL Steering
Committee last summer, one of the most important issues that needs to be addressed in
the upstream monitoring/evaluation is developing an understanding of the potential for
controlling the seed algae that lead to the high algal BOD concentrations that occur in the
Mud and Salt Slough discharges to the SIR and in the SIR at Lander Avenue. Thereis
need for the stakeholders in the upper parts of these watersheds to immediately begin to
evaluate whether they can develop control programs that would lead to reduced algal-
caused BOD loads being discharged to the SIR. This information, along with cost
information for potential control programs, must be developed during the Phase | TMDL.
Information in this area will be needed to reliably define the potential to economically
control some of the oxygen demand loads from these watersheds. Without this
information the TMDL Phase 1l decisions on the control of oxygen demand in these
watersheds will have to be made without adequate information.

At the recent CVRWQCB workshop, the Board supported the staff’s approach that
control of oxygen demand sources in the upper SIR watershed is a high priority for
investigation. Special-purpose studies of the type discussed in this report need to be
conducted over the next three years to evaluate the potential for oxygen demand control
in these watersheds.

Monitoring Parametersand Analytical M ethods

BOD measurements are only an estimate of oxygen-demanding materials. BOD data should be
examined with their potential reliability in mind. NBOD measurements are highly questionable,
since the approach used to estimate NBOD, through an inhibited BOD test, is well known to be
unreliable. Theseissues are discussed elsewhere in this Synthesis Report.

Total organic carbon is not a major component of oxygen demand. In the SIR upstream setting,
there is no relationship between TOC and BOD. Much of the TOC present in these waters is
refractory and has no effect on oxygen demand.
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The orthophosphate measurements should be specified to be soluble orthophosphate and
properly labeled. Further explanation needs to be provided on what is meant by phosphorus will
be determined by “ ... Ascorbic Acid Method (adapted from SM 4500-P-E)....” Thereis need to
examine the details of that modified method to be sure that it isreliable. Mention ismade in this
paragraph that ammonia is to be determined by Nessler’s method. Nessler's method is not
necessarily reliable for ammonia, and must be used carefully.

The continuous monitoring of in situ fluorescence as a measure of algae is not necessarily
reliable. There are many factors that influence the relationship between in situ fluorescence and
algal biomass. While some of the currently available equipment for in situ fluorescence
measurement of chlorophyll corrects for some of these factors to some degree, it does not totally
correct for the problems.

The proposal states that, “ Maintenance of the SCUFA consists of visits every two weeks to clean
the optics and casing, check calibration using a solid calibration standard,....” The solid
calibration standard approach is not a reliable approach for calibrating chlorophyll in waters like
those of the SIR and its tributaries. The calibration must be checked against samples taken
where extractive chlorophyll measurements are made. This calibration should be made weekly
for at least a year, until it is demonstrated that the variety of conditions that can influence
planktonic algal chlorophyll measurements by in situ fluorescence measurements are
appropriately compensated for by the equipment available. A solid calibration standard will not
properly address thisissue. The proposal also mentions the use of data from the Mossdale DWR
chlorophyll monitoring system. The chlorophyll unit at that location has not been working for
some time.
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Recommended Approach for SIR Upstream Water shed Monitoring

Chris Foe's Strawman analysis of the data generated by Kratzer/Dileanis and Dahlgren showed
that, during the summer/fall 2000 and 2001, the Mud and Salt Slough and the SIR upstream of
Lander Avenue (Highway 165) watersheds (upstream watersheds) were major sources of
planktonic algae, which were highly correlated with BOD measurements. At times, up to about
90 percent of the algae/BOD present in the SIR at Mossdale had its origin in the three upstream
watersheds. It is estimated that the algae that are discharged from these watersheds will
approximately double in load by Mossdale. It is also estimated that during the May through
September irrigation season, on the order of 40 percent of the algae that are discharged to the
SIR from these watersheds are diverted from the SIJR by agricultura irrigation diversions. This
means that the additional algal growth in the SIR from where the Merced River enters the San
Joaguin River to Mossdale approximately balances the algae diverted from the SIR by irrigation
diversions.

Between the Merced River and Verndis, the eastside rivers discharge low chlorophyll/BOD
water to the SJIR. As discussed above, since the chlorophyll concentrations in the SIR remain
relatively constant, algae growth in the SJR downstream of the eastside river discharges allows
the chlorophyll to remain constant.

While some studies were conducted during the summer 2001 on the potential sources of oxygen
demand within parts of the upstream watersheds, these studies did not provide the information
needed to begin to effectively understand the specific origin of the algae within the watersheds
that become the source of the high oxygen demand load (algae) at the mouths of Mud and Salt
Sloughs and in the SIR at Lander Avenue. There is need to conduct detailed monitoring/
evaluation studies in these three watersheds to determine the principal sources of nutrients that
lead to algal growth from their point of discharge to the mouths of the primary tributaries where
they discharge to the SIR.

Comprehensive monitoring of nutrient dynamics and algal growth dynamics within the upstream
watersheds will need to be undertaken. These studies should be conducted for severa yearsin
order to examine the year-to-year variability that can occur in nutrient releases from agricultural
areas, wetland areas, and other areas and algal growth. Ultimately, these studies should develop
sufficient information so that a model of algal growth dynamics in each of the watersheds can be
developed which has sufficient reliability so that a prescribed reduction in the amount of algal
biomass that occurs at the mouths of the sloughs and the SIR at Lander Avenue can be translated
into a prescribed reduction in the input of nutrients that lead to algal growth in each of the
watersheds. Ultimately, the models of each of these watersheds should be coupled with the
HydroQual modeling of the mainstem of the SJR.

It is expected that understanding nutrient sources that are primarily responsible for leading to the

high algal biomass at the mouths of the sloughs and the SIR at Lander Avenue could lead to one
or more control options. These could include nutrient control through changes in farming
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practices, water management, and/or treatment of the discharge waters with a chemical such as
aluminum sulfate which can precipitate phosphorus and remove algae from the water.

Part of the studies should include investigation of the relationship between the amount of
phosphorus control needed to reduce the algal biomass that develops in the water to the desired
degree. Studies during the summer 2001 demonstrated that the phosphorus concentrations near
the mouth of Mud Slough, where it discharges to the SIR, were approaching algal growth-rate-
limiting concentrations. This appears to be related to algal growth within the San Luis Drain,
which is incorporating the available phosphorus into algal biomass. Through understanding
alga growth dynamics and nutrient sources it may be possible to enhance this process in the
Mud Slough watershed and promote the development of this process in the SIR upstream of
Lander Avenue and within the Salt Slough watershed. One of the primary values of these studies
will be to gain an understanding as to whether there is a significant potential to cost-effectively
reduce the oxygen demand loads that enter the DWSC from upstream sources.

Basically, there is need to determine the specific source of soluble orthophosphate and nitrate
plus ammoniathat cause the waters just downstream of the point of discharge to contain nitrogen
and phosphorus above about 20 ug/L P and 100 pug/L N. These concentrations of N and P, given
sufficient time, can develop into substantial algal concentrations. Typically, with algae doubling
at the rate of one to two days, about four to five days travel time would be needed from the point
of nutrient release from the field to the mouths of the tributaries to develop the algal biomass
(concentration/load) that has been found at the mouths of the tributaries.

As part of the SIR DO TMDL, there is need to conduct studies in each of these watersheds to
follow algal growth dynamics, nutrient dynamics, and the hydrology of the flow regimes that
exist in each part of each watershed. This will require an extensive chemical constituent
monitoring and stream gaging program. As a minimum, there is need to establish representative
sampling locations in each of the watersheds and their subwatersheds where stream gaging and
sample collection can take place beginning about May 15 through November 15. The location of
monitoring stations will be established by an upstream monitoring advisory panel. Specia-
purpose sampling should aso be conducted during rainfall runoff events that occur in the fall
where several samples during the event are taken during the rise and fall of the hydrograph. The
recent finding of significant DO depletion problems in the DWSC which are attributable to algal
blooms that are derived in part from the upstream SJR will require that the monitoring programs
be expanded into and through the winter low flow period, such as through March. Further, since
ultimately these watersheds will also be subject to nutrient control to meet chemically based
numeric nutrient water quality objectives, it would be highly desirable to conduct this monitoring
program year round. The parameters that should be monitored at weekly intervals at each
sampling location include the following. (Background information on issues that should be
considered in establishing this monitoring program is provided in Lee and Jones-L ee, 2002c,d.)

Field Measurements
pH,
temperature,
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Secchi depth,

the presence of floating algal scum,

unusual color, such asthat associated with wetlands' releases,
estimated flow and water velocity at time of measurement,
time of sample collection.

Special Field Studies

At about monthly intervals, diel (day/night) measurements should be conducted over one day for
DO and pH and other parameters needed to conduct the “Flowing Water Productivity Measured
by Oxygen Method,” as set forth on page 10-37 of Standard Methods, APHA, et al. (1998).
Generaly, this will require measurements of DO and pH every 2 to 3 hours at representative
monitoring stations in each of the upstream watersheds. Samples for chemical analysis of the
water for many of the parameters listed below should also be taken at early morning and late
night.

Laboratory Measurements

In general, the analytical methods for the following parameters are those listed in Standard
Methods, APHA, et al. (1998) or those listed by the US EPA (see the Agency’s website for the
latest guidance). Note: some of the specific methods for a particular parameter in Standard
Methods are not suitable for these measurements. The specific analytical methods used should
be approved by the SIR TMDL Steering Committee Upstream Watershed Advisory
Subcommittee that should be appointed to guide the upstream monitoring.

total phosphorus, with a quantitation limit of 10 pg/L P,
soluble orthophosphate with a quantitation limit of 5 pug/L P,
ammonia, with a quantitation limit of 0.1 mg/L N,

organic nitrogen, with aquantitation limit of 0.5 mg/L N,
nitrate plus nitrite, with a quantitation limit of 0.1 mg/L N,
electrical conductivity at 20 or 25 degrees C,

planktonic algal chlorophyll a, using acetone extraction,
planktonic algal pheophytin a,

turbidity,

color (true and apparent),

BODo,

total suspended solids (TSS),

total dissolved solids,

alkalinity,

dominant types of algae and zooplankton.

Lee and Jones-Lee (2002c,d) provide information on the constituents that are of potential
concern as water pollutants in the Central Valley. Asdiscussed there could be about 15 potential
pollutants for which there is need for monitoring/evaluation information. The full suite of
potential parameters should be monitored at selected locationsin the SIR DWSC watershed. Lee
and Jones-Lee (2002d) should be consulted for further information on these issues.
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Evaluation of the Reliability of in situ Fluorometric Chlorophyll Analysis

It has been found that measurement of chlorophyll at biweekly intervals is not frequent enough
to define the oxygen demand load in the SJR and its tributaries. There is need to make more
frequent analysis of chlorophyll in order to estimate the BOD load present at the location and
time of measurement. Thisis leading to the use of continuous in situ or sidestream fluorometric
chlorophyll measurements, where a fluorometer is suspended in the waterbody or the water is
pumped to a fluorometer. The authors have considerable experience with fluorometric
measurement of chlorophyll. Great caution should be exercised in accepting the fluorometric
measurement of chlorophyll as reliable. Fluorometric chlorophyll measurements are subject to a
number of interferences that cause the measurement to be unreliable. Because of the well known
unreliability of fluorometric chlorophyll measurements, those using fluorometric chlorophyll
measurements must frequently prove that these measurements are reliable. Failure to do so can
readily lead to generation of large amounts of unreliable oxygen demand load data that will lead
to unreliable assessment of oxygen demand loads. Of particular concern are turbidity and color.
While fluorometric chlorophyll measurements can be reliably made in waters with constant low
levels of turbidity, in waters with high concentrations of turbidity and especially variable
turbidity, the fluorometer must be frequently (weekly) calibrated by measuring the chlorophyll
using acetone extraction methods such as in Standard Methods (APHA, et al., 1998) on samples
of the water which have been subjected to fluorometric measurements. The approach advocated
by some instrument manufacturers of calibrating the fluorometer with standard purchased
chlorophyll is not adequate for addressing the problems of variable turbidity and other factors
that influence reliable fluorometric measurement of chlorophyll.

Biostimulation Studies

Since there is a potential for the control of algae in the upstream watersheds through limiting the
phosphorus concentrations in the waters in which the algae develop, it is of interest to explore
potential benefits of removing phosphorus from the water on reducing the algal growth in the
water. As a special-purpose study at selected locations within each of the watersheds at about
monthly intervals, a biostimulation algal productivity study could be conducted. In general, the
approach followed is that set forth in Standard Methods, APHA, et al. (1998) Section 8111 pg. 8-
42 Biostimulation (Algal Productivity).

Filtered samples of the water to be tested are treated with aluminum sulfate (alum) to remove
phosphorus by coprecipitation. It is suggested that sufficient alum be added to reduce the soluble
orthophosphate of the sample by 25, 50, and 75 percent of the original value. In general, follow
the procedures in section 8111 F Inoculum and 8111 G Test Conditions and Procedures. To each
sample an inoculum of Selenastrum capricornutumis added. After about one week, measure the
algal biomass in the sample using one of the procedures set forth in Standard Methods, such as
chlorophyll.

Since alum additions to a water sample may also remove essential trace elements, a duplicate set
of experiments should be conducted where phosphorus is added back in the amount removed by
alum treatment to determine if essential trace elements/compounds were also removed. If the
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alum-treated phosphorus-added samples do not develop about the same algal biomass, then add
the trace element cocktail specified in Standard Methods to the alum-treated samples and the
untreated sample to determine if the alum removed an essentia trace element that is present in
the cocktail.

Standard QA/QC Program

Follow US EPA standard QA/QC procedures for replicate and spike samples. In addition, split
samples and known standard samples which are not identified as splits should be sent to the
laboratory. Lee and Jones-Lee (2002c) have discussed that the standard QA/QC procedures do
not prevent unreliable data from being produced in awater quality monitoring program. As they
discuss there are a variety of factors that can cause unreliable data to be generated even with
strict following of US EPA standard QA/QC procedures. The investigators for a project have the
responsibility of conducting the studies needed to verify that the data generated are reliable.

Data Management and Evaluation

The monitoring program should be an “active” monitoring program, where a panel of experts
would review the data as soon as they are available and make recommendations and
modifications to the monitoring program as needed (see L ee and Jones-L ee, 2002c¢).

In establishing the upstream watershed monitoring program, the SIR TMDL Steering Committee
Upstream Watershed Advisory Subcommittee, guiding the upper watershed monitoring, should
(prior to initiating the program) develop a set of synthetic data that they feel would be
representative of the data that are likely to be generated in the study. These data should be used
by this panel to develop a data analysig/interpretation to ascertain whether all of the information
needed to interpret the datais being collected. This exercise should be repeated at about monthly
intervals using the data that have been collected during the previous month.

Horne (2002) suggested, as part of the peer review of the SIR DO TMDL CALFED Directed
Action project, that constructed wetlands in the Mud and Salt Slough watersheds could
potentially be effective in removing nitrogen from these waters before their discharge to the SIR
upstream of the Merced River. Enhanced constructed wetlands have been effective in reducing
nitrogen loads to the upper Santa Ana River near Riverside, California. Since there are already
substantial wetlands in this area, it may be possible to utilize some of these wetlands, plus
additional constructed wetlands, for nitrogen removal through enhanced denitrification of nitrate.
This would have to be done, however, in such a way as to not adversely impact the wildlife
habitat of the federal and state refuges and private duck clubs. The purpose of this effort would
be to reduce the nitrate concentrations in the upstream tributaries to the SIJR so that further
growth of algae within the SJR is nitrogen-limited. Phase | TMDL studies should include at
least a preliminary evaluation of this approach. If it appears feasible, then a pilot study should be
considered/conducted.

South Delta
During the summer and fall, when the San Joaquin River is diverted down Old River into the
South Delta, there is an appreciable oxygen demand load discharged to the South Delta that
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develops upstream of Vernais. Further, there is an oxygen demand load added to the South
Delta from the growth of algae within the South Delta derived from nutrients in the SIR diverted
into the South Delta, in domestic wastewater inputs from Tracy, CA, and in South Delta
agricultural tailwater. During the summer there is about 200 cfs of agricultural tailwater
discharged to the South Delta channels. As discussed above, these oxygen demand loads cause,
at times, severe DO depletion in the South Delta below the water quality objective. As a result
of the 303(d) listing of Old River and Middle River as impaired due to low DO, there will be
need to correct this problem. At this time, the potential significance of oxygen demand loads
derived from upstream of Vernalis versus those that are derived from in-South Delta sources, has
not been evaluated. With CALFED’s commitment to construct and operate permanent operable
barriers within the South Delta by 2007, it is likely that there will be appreciable changes in the
oxygen demand loads and the oxygen depletion problem that is occurring in the South Delta
associated with the development of the permanent barriers. There is need to significantly expand
the DWR monitoring of South Delta waters to develop the information base that can be used to
understand the conditions that lead to low DO in South Delta channels and how the installation/
operation of the permanent barriers will influence these situations. The development of the
South Delta monitoring program will require some preliminary studies to gain better insight into
the conditions that lead to low DO in the South Delta channels.

Central Delta

The studies that have been conducted on DO depletion within the SIR DWSC have shown that,
at times, especialy under conditions of high SJR flow through the DWSC, there is appreciable
oxygen demand exported from the DWSC into the Central Delta. This export occurs to some
extent at Turner Cut, but principally takes place at Columbia Cut. It is due to the strong cross-
SIR DWSC flow of the Sacramento River water down Disappointment Slough, across the
DWSC, into Columbia Cut, associated with the export pumping of South Delta water for the
State and Federal Projects. While it is generally believed that there is substantial dilution of the
exported SIR water from the DWSC at Columbia Cut by the Sacramento River, there are
potential conditions where sufficient oxygen demand could be added to the Central Delta to
cause DO depletion in some areas and at some times below the 5 mg/L water quality objective.
As part of the SIR DO TMDL and, especialy as related to attempts to increase the flow of the
SJR through the DWSC to reduce the oxygen depletion that occurs in the DWSC, thereby
increasing the oxygen demand load to the Central Delta, there is need to determine whether there
are low-DO problems occurring in the Central Delta due to the export of the SIR DWSC water
into that area. This information will be needed as part of gaining CEQA approval of any
program that would increase the flow of SIR water through the DWSC.

It is proposed that a team of experts guide the development of a highly focused monitoring
program that is specifically designed to examine worst-case conditions for DO depletion in the
Central Delta associated with the export of SIR DWSC waters into this area that contain
significantly elevated concentrations of oxygen demand in the form of agae and/or
ammonia/organic nitrogen. This monitoring program, like other monitoring programs, should be
conducted on an active basis, where, as the data are generated, they will be reviewed, and further
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monitoring runs will be conducted to specifically address issues that arise from the previously
collected data.

Impact of DO Concentrations on DWSC Chinook Salmon Migration and

Aquatic Life Habitat

An issue that needs to be resolved is the appropriate dissolved oxygen concentration that will
prevent inhibition of the fall run of Chinook salmon migration through the DWSC to their home
waters. There is need to conduct studies over a several-year period to determine whether the 6
mg/L DO water quality objective adopted by the State Water Resources Control Board is
technically justified. The Department of Fish and Game studies, conducted in 1970, concluded
that the DO in the DWSC should be above 5 mg/L to avoid inhibition of Chinook salmon
migration through the DWSC due to low-DO. These studies need to be updated.

Another area that needs attention during the Phase | TMDL is the need to establish the 5 mg/L
minimum DO water quality objective as being applicable to al locations and times within the
DWSC. The US EPA and a number of states allow averaging of the diel (day/night) DO.
Further, they allow lower DO in the near-bottom waters of some waterbodies. An issue that
needs to be resolved is whether following this approach would be significantly detrimental to the
aquatic life resources of the DWSC and, for that matter, the South Delta.

A review of the appropriate DO water quality objective for the DWSC should be conducted
which may conclude that there is need for studies to examine how DO values less than 6 mg/L,
between September 1 and November 30, impact Chinook salmon migration through the DWSC.
Also, the water quality and the aquatic life resource impacts of an average diel DO and a lower
DO in the near-bottom waters of the DWSC should be evaluated.
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Alternative Approachesfor Solving the DWSC Low-DO Problem

Presented below are severa dternative approaches that have been suggested that should be
considered and, if found appropriate, evaluated to help solve the low-DO problem in the DWSC.
Information on several of these approaches will be needed as part of the CEQA aternatives
evaluation that will be associated with the final TMDL for solving the low-DO problem in the
DWSC.

Impact of Continued Operation of the Port of Stockton on the DO Problem in the DWSC
The previous studies have determined that, without the existence of the Port of Stockton and its
associated Deep Water Ship Channel, there would be few, if any, DO depletion problems below
the water quality objective in the DWSC. This situation causes the Port of Stockton and those
who benefit from the Port to be one of the, if not the, primary responsible party for the DO
problem in the DWSC. Since the continued existence of the Port is of economic value to a
variety of entities within the Central Valley, especialy in the San Joaquin River watershed, it is
appropriate to examine the economic and other consequences of terminating the existence of the
Port of Stockton as a deep water ship port and thereby allow the DWSC to fill in. In time, the
DWSC would become shallower and ultimately, shoal in sufficiently so that the DO depletion
problems in the DWSC would be greatly reduced. It is suggested that an economic study be
conducted of the value of the Port to stakeholders in the region and its cost in terms of
controlling the low-DO problem in the DWSC.

Altered Flow of the SIR past Rough and Ready Island

It has been suggested by representatives of the Port of Stockton that Burns Cutoff, which
connects to the SJR just upstream of Channel Point and flows on the westside of Rough and
Ready Island, could be used as a channel that would carry SIR water around Rough and Ready
Island and thereby discharge the oxygen demand loads in the SJR that enter the DWSC severd
miles downstream of Channel Point. The waters in Burns Cutoff could be aerated and thereby
reduce the oxygen demand load that now enters the DWSC at Channel Point. The aeration of
Burns Cutoff could be done in such away asto eliminate the interference with ship traffic. It has
been suggested that there may be need for alock on the SIR at Channel Point to allow small boat
traffic to pass from the DWSC into the SIR and to divert SIR water into Burns Cutoff. It is
suggested that an engineering study of the potential use of Burns Cutoff as an alternative low
flow summer channel for routing and aerating the SIJR water and its associated oxygen demand
load into the DWSC downstream of Rough and Ready Island be conducted.

Purchase of Eastside River Water to Supplement SIR Flow through the DWSC

The SIR watershed eastside rivers have been found to provide high quality low oxygen demand
water to the SIR and to the DWSC to the extent that the eastside river water is allowed to pass
into the DWSC -- i.e., is not diverted down Old River. To the extent that these rivers discharge
to the SJIR during the summer and fall, this discharge reduces the travel time through the DWSC
and therefore the oxygen deficits that occur within the DWSC. It has been found that SIR
DWSC flows above about 2,000 cfs do not cause DO depletion problems in the DWSC even
though there are elevated oxygen demand |oads entering the DWSC associated with these flows.
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The travel times of the SIR water through the critical reach of the DWSC (Channel Point to
Colombia Cut) are sufficiently short under the elevated flows so that there is not time for the
oxygen demand to be exerted in this reach.

The export pumping of water from the South Delta by the State and Federal Projects eliminates
the downstream extent of the DO depletion problem below the water quality objective to
upstream of Colombia Cut. It has been suggested that a possible approach for reducing the DO
depletion problem within the DWSC would be to purchase New Melones Reservoir water for the
specific purpose of increasing the SIR flow through the DWSC. This approach would tend to
overcome the impacts of the diversion of SIR water upstream of the DWSC that now contributes
to low flow conditions within the DWSC. Information on the potential for increased summer/fall
flow of the eastside rivers into the SIR DWSC could be evaluated as part of the CEQA
evaluation of alternative approaches for solving the low-DO problem in the DWSC. This
evaluation would need to consider potential redirected effects of eastside river flow through the
DWSC.

| mplementation of the Evaluation/M onitoring Program

It has been suggested that a workshop be organized which would have two purposes. One of
these would be to present, discuss, and refine the monitoring/evaluation programs that would be
conducted during the TMDL Phase I. The second would be to review and discuss the aternative
approaches for solving the low-DO problem discussed above. This workshop should be held
over at least 1, and possibly, 1.5 to 2 days.

The workshop could be sponsored by CALFED where all interested parties would have the
opportunity to present their views on solving the low-DO problem in the DWSC. A report to
CALFED, the Steering Committee/stakeholders, and the CVRWQCB would evolve from the
workshop which would present the general characteristics of the Phase | monitoring/evaluation
program. This workshop could lead to the development of a number of Steering Committee
subcommittees that would become responsible for further refinement of specific components of
the Phase | monitoring/evaluation program. The Steering Committee subcommittees could then
become the responsible entities for developing the details and shepherding the development and
implementation of each of the components of the monitoring/evaluation program. These
subcommittees would work with the contracting entity responsible for actually implementing the
specific components of the monitoring/evaluation program and report to the Steering Committee,
CALFED, and the CYVRWQCB on their activities.
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External Peer Review | ssues

This section of this report presents information pertinent to the external peer review of the
CALFED-supported Directed Action studies of the low-DO problem in the SIR DWSC and
information on the sources of oxygen demand from its watershed.

Peer Review Questionsfor the San Joaquin River Deep Water Ship Channel Dissolved
Oxygen TMDL

Presented below isinformation that was provided to the external peer review panel in connection
with preparing for the peer review that took place in June 2002. The overall goa of the external
peer review held in June 2002 was to help the Steering Committee/stakeholders and CALFED
evaluate the adequacy of the technical information base upon which the TMDL analysis and
stakeholder alocations of loads/responsibilities would be developed. These questions were
developed by CALFED and the Steering Committee. The italicized sections represent the
authors' (Lee and Jones-Lee) discussion of the issues raised by the question.

1. Overall Understanding
Is there adequate understanding of responsible constituents and conditions that lead to
violations of DO water quality objectives in the San Joaguin River (SJR) Deep Water Ship
Channel (DWSC) to develop the initial phase of a technically valid, cost-effective
management plan for eliminating the DO water quality objective violations that occur in the
DWSC each summer/fall?

If not, what are the major information gaps that need to be filled before it will be possible to
formulate an appropriate management plan for controlling the low-DO conditions in the
DWSC?

In addressing these questions it is important to consider the framework in which the peer review,
these studies, the past studies and the TMDL implementation will take place. As discussed herein,
the Central Valley Regional Water Quality Control Board must, in June 2003, develop the first
phase of a TMDL designed to control the DO depletion in the Deep Water Ship Channdl. While the
first question, devoted to “ Overall Understanding,” asks whether there is adequate information to
proceed with this effort, it isimportant to understand that there are information gapsin a number of
areas, which are discussed in the synthesis report. However, sufficient information has been gained
during the three years of studies to identify the primary approaches that can be used to solve the
low-DO problem.”

2. Modeling
a) Hasthe dynamic and mass balance box modeling of the oxygen demand load-DO depletion
in the DWSC adequately defined the impact of the loads of oxygen demand constituents
(carbonaceous BOD and nitrogenous BOD including algae, ammonia and organic N)
derived from upstream of the DWSC and within the DWSC on DO depletion in the DWSC?
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b) Will the exising models alow reliable forecasts of the implications of different
management actions? Do the models help us understand the causes of the low DO?

c) If not, how should the modeling be expanded/changed to address areas of inadequate
modeling capability?

d) Do the present studies differentiate the roles of flow, tidal exchange, basin morphometry and
organic matter input (or its precursors) adequately? What additional studies are necessary to
allow such differentiation?

With respect to the second question (devoted to “ Modeling”), part “a,” at this time there is a
fair understanding of the relationships between carbonaceous and nitrogenous BOD as a cause
of DO depletion. We do not have a good handle on the organic nitrogen component of BOD at
this point, although, with additional review of the existing data, we will likely be able to provide
that information. With respect to “b,” we are not in a position to forecast the implications of
different management options. At this point, the existing, as well as the proposed, modeling
effort will not provide the information needed to make reliable forecasts. There will be need to
follow an adaptive management approach. With respect to “ c,” the issue is not the modeling,
but the database from which the models are to be developed. With respect to “d,” we are not
able to differentiate the roles of flow, tidal exchange, basin morphometry and organic matter
input adequately at thistime. Modeling will not solve this problem. While five years of detailed
studies might provide additional insight into these issues, it will be more cost-effective to start
the implementation process, where we are specifically focusing on developing information for
implementing each of the proposed approaches for managing the DO problem.

3. Allocation of Oxygen Demand L oad
a) What SIR subwatersheds should be studied and what should be measured? Do we have
enough information to determine where (what subwatersheds) load reduction feasibility
studies should be conducted?

b) Isthere sufficient data and analysis to determine whether load reduction upstream could
benefit, though possibly not solve on its own, the low-DO problem in the DWSC? How
much reduction in what substance would reduce the load entering the SIR from that
watershed and how much would that reduction result in improved DO conditions in the
DWSC?

c) Is there sufficient data and anaysis to determine how much upstream load reduction
would result in what level of DO improvement under different flow conditions?

With respect to the third question, “ Allocation of Oxygen Demand Load,” at this point the
allocation of the oxygen demand load will be to the Mud Sough, Salt Sough and SIR upstream of
Lander Avenue watersheds, as well as to the city of Stockton. With respect to parts“b” and “c,”
we are not in the position yet to predict how altering oxygen demand loads in any of these
watersheds will affect the DWSC.
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4. DO Concentration Goal
Isthe interim TMDL Phase | minimum DO concentration goal proposed by the CVRWQCB
staff appropriate? If not, what should the Phase | minimum DO concentration goal be?

With respect to the fourth question (* DO Concentration Goal” ), since thisis essentially the same as
the US EPA’s recommended “ Gold Book” DO goal, it is appropriate as a Phase | target. During
this phase there will be need to determine what should be the appropriate DO concentration
goal/water quality objective for the final phase of the TMDL.

5. Flow
Is there sufficient data and analysis to determine how increases or decreases in flows from
different sources affect DO conditions? If not, what studies and monitoring should be
undertaken?

With respect to the fifth question on “ Flow,” there isinsufficient information at this time to predict
how changing the flow in the range from about 500 to 1,500 cfs will impact DO. Further data
review of the existing database may help in this area.

6. Aeration Questions
a) Are estimates correct for the amount of aeration that would be needed in the DWSC
under different flows? How broad should the range of estimates be to ensure that if
aeration occurred within those parameters, the performance goal milestones would be
met?

b) Is there sufficient data and analysis to be able to develop a DWSC monitoring program
during pilot aeration?

c) Is there sufficient data and analysis to be able to predict how much aeration will be
needed under different flow conditions? Is this important to know before beginning pilot
aeration and monitoring studies?

With respect to the sixth question on “ Aeration,” the estimated oxygen deficits are dependent on
a number of factors which range from a few thousand pounds of oxygen needed per day to
several tens of thousands of pounds of oxygen needed. Thereis need to start comprehensive field
studies which can be used to examine how effective aeration, practiced to various degrees at
various locations, is in controlling the DO problem. With respect to “b,” there is sufficient
information available to develop the first phase of a monitoring program to investigate aeration.
This monitoring program would be an adaptive management program which should be adjusted
during the course of these studies. Item “c” relates flow to aeration. At this point there is
insufficient understanding of the two to be able to directly couple flow to aeration, although
estimates can be made which can then be evaluated in the pilot studies.
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7. DWSC Geometry Questions
a) Would there be asignificant DO problem if the DWSC weren't there and the river
remained at its historic depth through this reach?

b) Do we know enough to fairly predict how additional channel deepening will affect DO
conditions in the DWSC?

With respect to the seventh question (* DWSC Geometry”), there is no issue about whether the
DO problem would be there if there were no DWSC. With respect to “b,” we are not in a
position to reliably predict how additional Channel deepening will affect DO conditions. We
know it will be in the wrong direction. However, the magnitude of impact is not known.

Responsesto the CALFED Low-DO Directed Action Project
External Peer Review Panel’s Overall Comments

On June 11 and 12, CALFED conducted an external peer review of the CALFED Low-DO
Directed Action Project of the 2001 studies and the previous two years studies. On July 11,
2002, the Peer Review pandl’s (PR) July 1, 2002, report was made available for review. In
accord with the CALFED/NFWF contract, the component project PIs were to provide a written
response to each of the PR comments as part of submitting their final reports. Also the overall
project Pl (G. F. Lee) was to address the genera PR comments. This section of the report
provides the responses to the PR general comments.

The Peer Reviewers are to be thanked for the time and effort they made in conducting this peer
review. Their comments reflect a critical review of the large amount of information that has
been developed for the approximately $3 million of CALFED support that has been made
available over the past three years. The Peer Reviewers comments are presented below initalics
with the responses following the PR comments. The italicized sections below are the peer
reviewers comments.

Appropriate DO Target

The PR comments,

“... it is important to identify an appropriate DO target that would be protective of aquatic
organisms in the SJIR DWSC system. First it isnecessary to determine the ecological groups and
life stages that may be impacted by low DO concentrations (just migrating fish or also
benthic/aquatic invertebrates?). The next step would be to determine protective DO thresholds,
and how compliance should be defined spatially and temporally.”

This is an important issue that has been of concern over the past three years. The issue of
appropriate DO water quality objectives for solving the low-DO problem in the DWSC is an
issue that has been discussed extensively amongst several of the participants in the studies. The
Lee and Jones-Lee (2000a) “Issues’ report contains considerable discussion of thisissue. This
discussion is based on Dr. Lee's experience in developing water quality criteria, including
specifically being involved in DO criteria. There are appropriate questions about the need for the
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6 mg/L DO objective for protection of Chinook salmon migration that has been established by
the State Water Resources Control Board for the reach of the DWSC between Channel Point and
Turner Cut during September 1 through November 30.

In developing the original recommended peer review panel members, a proposed panel member,
Dr. Alan Mearns, was selected and initially agreed to be a participant in this peer review effort.
His PhD dissertation and professional work since then has included considerable attention on the
effect of DO on Chinook salmon physiology. Unfortunately, Dr. Mearns found that he could not
participate in this peer review, with the result that this left a gap in the peer review process.
Efforts are being undertaken to correct this situation through supplemental review of the low-DO
project target objectives by Dr. Chris Foe and Mark Gowdy of the CVRWQCB. The issues that
need to be addressed include:

e The appropriateness of the 6 mg/L DO objective adopted by the State Water Resources
Control Board and the CVRWQCB for the DWSC to protect Chinook salmon homing
migration during the fall.

e The need for a5 mg/L DO objective that is applied without averaging with respect to
time of day and location within the DWSC. Of particular concern are excursions which
lead to low-DO concentrations in the near-surface waters that occur only in the early
morning, related to the diel photosynthetic cycle, and the excursions below 5 mg/L in the
near-bottom waters.

Data Gaps and Need for Improved Teamwork
The PR makes the recommendation that,

“A comprehensive analysis of all current data has not yet been completed. The investigators
need the opportunity to exploit historical and new data to:

¢ Refine conceptual models of sources and causes of the DO problem

e Identify high priority data gaps

e Design aroad map for filling those data gaps

This can best be accomplished by extending contracts and funding expressly for this purpose. In
addition, the hiring of a facilitator to improve teamwork and help all parties understand where
the data needs are will assist the investigators to fully exploit the data.”

Data Gaps. The peer review panel’s primary recommendations, as represented by the three
bulleted items above, are all important issues that need to be addressed in the near future.
Considerable discussion has aready taken place on these issues with regard to further defining
the sources and causes of the DO problem, identifying high-priority data gaps, and designing
appropriate programs to fill the existing data gaps to develop a technically valid, cost-effective
program for solving the low-DO problem in the DWSC. As discussed in the May 2002 draft
Synthesis Report, the timeframe governing the development of reports for the peer review panel
precluded a comprehensive review of the large amount of data that have been collected. It is
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concluded, however, that simply extending all current Pl contracts and adding funding may not
be the appropriate approach to follow in filling data gaps.

The approach that is planned involves first identifying the major data gaps for which there is
immediate need for additional data as part of the implementation of Phase | of the TMDL. Next,
there is need to determine how best to proceed to fill these data gaps. Thisis a decision that will
be made by the Steering Committee and CALFED. While there are a number of interesting
scientific issues associated with the low-DO problem in the DWSC, many of these are not high
priority to solving the low-DO problem. It isimportant to focus CALFED’s financial resources
on the highest priority items needed to proceed with the Phase | TMDL. Asit stands now, there
are few data gaps that need to be immediately filled in order to proceed with the Phase | TMDL.
Many of the key data gaps can, in fact, be addressed during Phase |. The key data gap issues are
discussed below.

As a followup to the peer review workshop, and in response to a request made by Barbara
Marcotte, G. F. Lee has developed a draft write-up of the overall monitoring/eval uation approach
that should be developed for each of the maor areas in which there is need for additional
information. Thiswrite up is presented in a subsequent section.

I mproving Teamwork. Considerable effort has been devoted to correcting the lack of teamwork
and the lack of responsiveness to contractual requirements by component project Pls as required
by CALFED, the Steering Committee, the overal project Pl, and the CVRWQCB staff. The
inability to achieve an integrated teamwork approach has been a serious problem throughout the
three years of study. Considerable efforts were made as part of developing the 2001 Directed
Action project to address this problem. While some improved teamwork was achieved through
these efforts, a variety of factors have prevented achieving a highly coherent investigative team.
Hiring a facilitator, per se, as recommended by the peer review panel, will not solve this
problem.

One of the key issues that played a major role in failing to achieve an integrated team approach
was CALFED’s problems with issuing contracts in atimely manner. Another factor that played
arole was CALFED’s approach toward funding the modeling effort. As originally designed in
the CALFED proposal, the primary integrating effort for the 2001 studies was the realtime
forecasting modeling approach, where all data were to be fed into the model as they were
generated. This, in turn, was to lead to an integrated team approach for review and
recommendations for modifications of the study program. Unfortunately, CALFED chose not to
support this approach, with the result that the binding component (the model) of the 2001 studies
was lost, and still has not been effectively started.

PR Response to Question 1 on Adequacy of Existing Under standing

“There was general agreement among the reviewer s that the data have established that there is
a strong correlation between flow rates and dissolved oxygen levels. However, the roles of
loadings of various types and sources of oxygen-demanding materials are not well understood.
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Dr. Chapra suggests that an analysis of Sockton discharge records be performed to construct a
multi-year time series of flow and discharge concentrations of several key variables.”

As discussed in the May 2002 draft Synthesis Report and by Dr. Foe in the Strawman analysis
(Foe, et al., 2002), the overall aspects of the relationship between types and sources of oxygen
demand loads to the DWSC are understood with respect to the role of upstream planktonic algae
and the city of Stockton’s ammonialoads. How flow affects these loads in the 500 to 1,200 cfs
range of SJIR flow through the DWSC is not well understood at this time. It is concluded by the
authors, however, that further studies of the type that have been conducted in 2000 and 2001 will
not likely provide the information needed, and that an experimental aeration approach, coupled
with appropriate modeling and monitoring, will provide thisinformation.

Following the peer review workshop, G. F. Lee prepared a preliminary proposal to CALFED and
the CVRWQCB devoted to supporting the PR’s comments of using the Chen model to further
elucidate the DO depletion issues in the 500 to 1,200 cfs range of SIR flow through the DWSC.
This proposal specifically focused on evaluating the ability of the existing Chen model, without
additional coefficient tuning, to predict the characteristics of the DWSC for each of the 43
monitoring runs that the city of Stockton made in 1999, 2000 and 2001, relating the oxygen
demand load in the form of algae/BOD at Mossdale and ammonia loads from the city of
Stockton to DO depletion at Channel Point, Rough and Ready Island and near Turner Cut. It
was decided that this model evaluation should be done by the Regional Board staff, rather than
the modelers. As of this time, CALFED has not made the funds needed to proceed with this
evaluation available to the Regional Board.

If the current Chen model can properly track the results of the 43 monitoring runs without
coefficient adjustment, then considerable confidence will be gained in the use of this model to
evaluate the effects of flow and various load types and sources on DO depletion at various times
and locations within the DWSC. [f the model cannot make these predictions reliably, then there
is need for further work on the model before any refinements can be made in the understanding
of DO depletion versus oxygen demand load types and sources. Subsequent to developing these
comments, Brown (2002b) provided comments (discussed above) which indicate that the model
needs additional work to improve its ability to simulate DO depletion for various conditions that
are encountered in the DWSC.

PR-Identified Data Needs

“ Preliminary identification of data needs includes:

e Continuous measurements of flow, DO, and representative measurements of
phytoplankton, zooplankton, nutrients and other oxygen-affecting substances. These
should be collected within the DWSC, upstream of the DWSC at Mossdale, and far
upstream from one or more significant tributaries. These are critical for new modeling
work aswell as for quantifying the driving forces into the SIR and on to the DWSC.”

G. F. Lee' smonitoring/evaluation program guide that has been developed and is presented above
specifically addresses these issues.
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e “Information on critical levels of DO in water (and location) for various organisms of
interest, both aquatic and benthic.”

The recommended DO target and objectives review mentioned above will address these issues.
e “Information on the importance of thermal stratification in the DWSC.”
G. F. Lee' smonitoring/evaluation program guide addresses this issue.

e “Information on flow augmentation resulting from permanent tidal barriers in the Delta.
These would factor into a major hydrodynamic change in the SIR'IDWSC system. There
isa need for a better hydrologic budget for better modeling of the upper SIR system.”

Further studies on the low-head pumping as a means of supplementing the SJR flow through the
DWSC are being planned. These studies will include an expansion of the current South Delta
modeling to include water quality issues. Further, G. F. Lee's monitoring/evaluation program
guide discusses the genera characteristics of the South Delta monitoring program that will be
needed to provide the information needed to gain approval for the low-head, across-the-barriers
pumping program.

e “Data on certain high-priority watersheds within the upper watershed (to support
development of control actions). This should include data on BOD loading from
upstream wetlands.”

The characteristics of the specific upstream watershed monitoring have been developed in G. F.
Lee' s monitoring/evaluation program guide.

e “Data to resolve disagreement on the causes of DO depletion in the DWSC (upstream
algae versuslocal ammonia inputs).”

The specific program to address the conflict between Lehman and the other investigators on the
importance of city of Stockton ammonia discharges as a cause of low DO in the DWSC, even
when the city’s ammonia load is low, will first be addressed in the review of the Chen model’s
ability to predict the DWSC conditions during the 43 city of Stockton monitoring runs. Follow-
up studies will be defined at that time.

e “Characterization of the dynamics between Mossdale and the DWSC, including the
effects of zooplankton and especially macrobenthic grazing on algae levels.”

The oxygen demand dynamics in the reach of the SIR between Mossdale and Channel Point is a
specific study areain the G. F. Lee monitoring/evaluation program guide.
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e “Information on species variation of the algal load along the SIR, which will
demonstrate whether upstream algal inputs act as a seed population, or whether a new
algal community develops. This distinction has a large impact on the eventual algal load
into the DWSC.”

Algal dynamics in the SIR upstream of Mossdale and between Mossdale and Channel Point are
proposed to be examined by G. F. Lee during the follow-up monitoring/evaluation program.

PR Monitoring Recommendations
PR comment:
“ General additional monitoring recommendations include the following:
e Extend monitoring upstream
e Install more probes to adequately define temporal and spatial variation in DO,
conductivity, temperature, turbidity, and pH
e Continue“ synoptic surveys’ (Hayes cruises, etc.)”

All of these issues have been addressed in the G. F. Lee proposed monitoring/eval uation program
guide.

PR comment:
“It is important to coordinate all data collection activities with modeling needs. If the
monitoring and research proceed without input from the modelers, there would be a risk
of obtaining information that could be incompatible with the model structure (i.e., its
kinetic representation, as well asits temporal and spatial resolution).”

The peer review panel support of the approach that was originaly proposed in the CALFED
Directed Action proposal submitted in January 2001 to closely integrate monitoring/evaluation
with modeling is important to achieving this integration. If the realtime forecasting modeling
approach that was proposed in January 2001 had been supported by CALFED, it is believed that
a much better understanding of the processes responsible for DO depletion in the DWSC would
be available now. It is planned, through the experimental aeration studies, to closely integrate
modeling with monitoring and evaluation. These issues have been discussed by G. F. Leein his
monitoring/evaluation program guide.

The monitoring/evaluation program guide specifically addresses the need to establish a
monitoring program that will provide the HydroQual modeling effort with the necessary data. It
will be important for CALFED to establish a framework where an integration of the
monitoring/evaluation with the modeling can be achieved. This framework does not exist at this
time. The upstream modeling of the SIR that is being planned is still not integrated with the
CALFED-supported monitoring and evaluation that has been conducted over the past three years
on the DWSC and itstributaries.

167



PR Commentson Future Monitoring and HydroQual Modeling
“This is particularly critical if the actual allocations in the TMDL will be generated by the
HydroQual model. Considering the short time frame, the team cannot afford unnecessary
research or data collection that (1) measures the wrong processes or variables, and (2) do
not address the proper space and time scales.”

Those responsible for working with CALFED and the Steering Committee in organizing future
studies are keenly aware of the need to focus on data collection needed to support the HydroQual
model with specific studies designed to provide the information needed to properly develop this
model. As discussed above, a key component of this will be CALFED’s ability to integrate the
current HydroQual modeling with Phase | monitoring and evaluation. The G. F. Lee
monitoring/evaluation program guide specifically addresses this issue.

PR Commentson Question 2 on Modeling
“The 1-D model or other suitable model can and should be used to obtain a version of
the oxygen mass balance for the DWSC that accounts for all of the different information
(primary productivity, respiration, sedimentation rates and SOD) and resolves the
ammonia controversy or better exposes basis for differing opinions. Use of the 1-D
model can accomplish thisin a relatively short period of time.”

As discussed above, G. F. Lee's proposal to use the Chen model to address these issues is being
planned. The first phase, which can be initiated as soon as CALFED support is available, will be
devoted to an evaluation of the ability of the Chen model to properly track the conditions that
were found in the 43 city of Stockton monitoring runs. Of particular concern is the role of the
city of Stockton ammonia discharges on DO depletion in the DWSC.

PR comment:
“The application of a statistical model to long term data is promising and should be
pursued. There are problems with the existing statistical model that must be resolved to
make it a valuable tool for analysis.”

Discussions will be held with E. Van Nieuwenhuyse and CALFED about refining the statistical
modeling as an independent approach.

Ammonia | ssues

PR comment:
“ Ammonia concentrations in the DWSC are high. This deserves serious attention.
Analysis of Stockton Regional Wastewater Control Facility (RWCF) effluent data needs
to be performed to verify the occurrence and completion of nitrification.”

The issue of the importance of the city of Stockton ammonia as a cause of low DO is an issue
that has been of concern. One of the issues that will need to be addressed with future funding is
the potential benefits of the CVRWQCB’s requirements of limiting the city of Stockton’s
wastewater discharges to a monthly average of no more than 2 mg/L ammonia nitrogen in
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affecting DO depletion in the DWSC. The issue that needs to be resolved is whether the 2 mg/L
ammonia discharge limit, which was based on toxicity issues and not DO depletion issues, is
adequate to control significant oxygen depletion due to the ammonia discharged by the City to
the DWSC.

Upstream Oxygen Demand Sour ce | ssues

PR comment:
“ The evidence identifies Mud and Salt Soughs as the primary subwatersheds for examining
possible load reduction. However, the ultimate worth of any such reductions needs to be
considered more thoroughly. There might be gainsin water quality, but it is not clear at this
point that they would be significant with respect to the ultimate goal.”

One of the primary areas of emphasis discussed in G. F. Lee's monitoring/evaluation program
guide is the need for detailed watershed studies of Mud and Salt Sloughs, as well as the SIR
upstream of Lander Avenue, to understand algal growth dynamics and, especially, whether there
is potential for controlling the algal biomass generated within these watersheds that reaches the
SIR at the tributary mouths. In addition, as part of the HydroQual modeling, it is proposed that
an evaluation be conducted of how altering the algal loads that are discharged by these three
watersheds to the SJIR influences the oxygen demand loads that reach the DWSC. Through these
studies, it should be possible to understand the coupling between upstream algal/BOD loads and
DO depletion in the DWSC. Based on this understanding, it should be possible then to evaluate
the cost-effectiveness of any upstream nutrient/algal control programs on the DO depletion
problem within the DWSC.

Further DO Objective Compliance | ssues

PR comment:
“It is likely that the interim DO objective can be achieved, but a variety of control
measures may be required rather than a single one. In addition, the feasibility of
achieving this objective depends on how compliance is defined spatially and temporally.”

The experimental aeration program that was proposed by the CVRWQCB/Steering Committee
that will be conducted during Phase | will provide information on the ability of aeration to
achieve the interim, as well asthefinal, DO target/objective.

PR comment:
“The relationship between flow and DO conditions has been described in general terms.
Further statistical analysis of historical data, as well as refinement of the Systech model
would be useful, as stated in Dr. Jassby’ s comments (Appendix E).”

The experimental aeration studies will yield further insight into the relationship between SIR
flow through the DWSC and DO depletion for a given oxygen demand load. By conducting the
aeration/monitoring studies at different flows, it will be possible to gain insight into this
relationship. Further, it may be possible to ater the flow through the DWSC, through discharges
down OId River, to help in gaining this understanding.
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PR comment:
“There is a need to develop information on various aeration schemes/technologies,
including performance of science-based demonstrations at pilot scale. Cost/benefit data
are also needed.”

Task 5 of G. F. Lee's component project for the current CALFED Low-DO Directed Action
project provided funds that were used by URS Corporation to develop an overall recommended
approach that is acceptable to the Steering Committee and CALFED for conducting the
experimental aeration studies. As planned now, these studies will provide the information
suggested by the PR that will enable CALFED and the Steering Committee/ CVRWQCB to
determine the appropriate use of aeration as a means of controlling the low-DO situation in the
DWSC. It should be noted that, while the focus of the Phase | TMDL will be on aeration,
considerable additional information will be gathered during Phase | on other means of
controlling the low-DO problem. There seems to be general agreement that it will be a
combination of approaches that will ultimately solve the low-DO problem.

PR comment:
“The Systech model results show that the channel deepening has had a strong influence
on DO conditions. There is some question as to how the geometry of the DWSC affects
the settling and resuspension of sediments and oxygen demanding particulate matter.
There is also a question as to the thermal stratification that occurs in the DWSC and
what effect this has on the DO at various depths.”

The issue of how depth of the channel influences DO is an issue that will be addressed as further
work with the Systech (Chen) model is undertaken, once it has been verified that the model can
reliably track DO depletion under various conditions. There will be need for CALFED to better
integrate its modeling efforts with the DWSC studies than has been done thus far if thereis going
to be a better understanding of how thermal stratification and depth of channel affects settling
and resuspension within the channel, as they relate to DO depl etion.

Commentson Dr. J. Cloern’s“Minority View” on Structural Solutionsfor the DO Problem
inthe DWSC

J. Cloern, in his discussion as a “minority view,” has misinterpreted the US EPA’s Clean Water
Act requirements for controlling water quality problems through load reduction. The US EPA
(2002) Region 9 has indicated in recent communications that solving the problem does not
necessarily mean that there hasto be aload reduction. Solving the problem can be accomplished
by other means. While, typically, TMDLSs are solved through pollutant load reductions, this does
not mean that other approaches are not acceptable. It is suggested that pollutant load reduction
should be accomplished where it is technically and economically feasible. This approach
especially needs to be supported with respect to future agricultural and urban development
within the SIR DWSC watershed. Aeration should ultimately be used to control DO depletion
problems where load control is not feasible. As planned now, the initial focus on aeration
represents a learning process that has substantial promise for controlling low-DO situations in

170



the DWSC. While aeration is being evaluated, work will be done on controlling oxygen demand
loads to the DWSC.

Dr. Chapra

Dr Chapra s Specific Comment:
“Action Item: An analysis of Stockton discharge records should be performed to
construct a multi-year time series of flow and discharge concentrations of several key
variables including nitrogen species (not only ammonia, but also organic nitrogen),
CBOD, and dissolved oxygen. One goal of this analysis would be to accurately
characterize the seasonal trends of ammonia discharge from the pond [city of Stockton
wastewater effluent pond]. In particular, the analysis should establish the timing of the
rise in ammonia discharge that occurs in the fall and the subsequent reductions that
would occur in the spring.”

The nitrogen dynamics in the City’s wastewater effluent ponds needs to be better understood,
although this situation is likely to change with the Regiona Board's revised NPDES permit,
which limits the ammonia discharge to a monthly average of 2 mg/L ammonia nitrogen.

Dr. Chapra’s Specific Comment:
“Action Item: Available time series data collected with data sondes should be
systematically analyzed to ascertain the magnitude and frequency of low dissolved
oxygen conditions during the winter. The first goal would be to evaluate whether winter
low oxygen episodes are a significant recurring phenomenon. If so, an initial evaluation
of possible causes should be performed. For example, the correlation of low oxygen with
low flow should be analyzed.”

While it has been understood that there are low-DO problems in the DWSC at other times of the
year, the initial emphasis in the TMDL is on the Chinook salmon fall run situation. Recently,
Dr. Foe and Mr. Gowdy have indicated that the TMDL issues will need to be expanded to
include other times of the year when DO depletion below the water quality objective occurs.
This will include the need to conduct studies in the winter and spring. Further work will need to
be done to begin to plan the necessary studies to understand the low-DO conditions that occur
during the winter and spring.

During the course of the current studies, it was realized that low-DO concentrations were
occurring throughout the summer. This caused the investigators to expand their work to include
sampling during June and July.

Dr. Chapra s comment:
“ Sudy and observation are needed in a number of areas.

Further rate experiments should be conducted to quantify the rate constants for
nitrification, plant growth and respiration. In particular, there is a major discrepancy
between model and bottle estimates of productivity (Chen and Tsai, Lehman). As Chen
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and Tsai point out, bottle rates can reflect artifacts due to the enclosure process. On the
other hand, the order of magnitude discrepancy that presently exists seems too large. A
simple test of Lehman'’s rate would be developed by using her rate in the Chen and Tsai
model to assess the impact on the oxygen calibrations. Another approach would be to
compare model predictions of diurnal oxygen swings with measurements on the river.
HydroQual should be consulted to solicit their ideas for process studies to strengthen their
model development.”

Discussions will be held to determine how best to proceed to resolve the differences between the
Chen and Tsai estimates of productivity, and those of Lehman.

Dr. Chapra s comment:
“1 was surprised at how little the Systech model was referenced during our workshop.
Although it could certainly be improved (by improved data and rate measurements), itisa
technically sound tool for making initial assessments.”

As discussed above, the lack of use of the Systech (Chen) model during the 2001 studies, related
to CALFED’ s decision not to fund the proposed use of this model during these studies, has | eft a
substantial gap in the information base, which hopefully can now be corrected.

Dr. Ritter
Dr. Ritter’s comment:
“ Based upon what is known and what the uncertainties are in what is causing the oxygen
depletion it is recommended
a. Further research be conducted on more accurately delineating the major sources of
oxygen demanding material that are causing the oxygen depletion in the DWSC.
b. A more detailed analysis of historical data from the DWSC, San Joaquin River and
Sockton wastewater treatment plant discharges.”

Dr. Ritter’s recommendations are in line with what is being planned in further work on the low-
DO problem in the DWSC. Thiswork includes more accurately delineating the major sources of
oxygen demand and, if funds are made available, a more detailed review of the existing database.
The approach to these issues has been summarized above.

Dr Ritter’s comment:
“It isimportant to go ahead with the development of the more sophisticated models. This
should give us a better understanding of the dynamics of the system and be able to
evaluate management alternatives more accurately. In order for the more complex
models to be of any use, it is very important to collect more data.”

Dr. Ritter’s comments that there is need to go ahead with the more sophisticated modeling effort,
and that thiswill require collection of additional data, are in line with what is planned. However,
as discussed above, the integration of the “more sophisticated modeling” and additional data
collection will need to be achieved, since at this time this approach is not well defined.
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Dr. Ritter’s comment:
“There is disagreement among the scientists as to the major causes of DO depletion in
the DWSC. There is a need to reduce the uncertainty in the causes and sources of DO
depletion before load reduction studies are conducted. To reduce the uncertainty, the
principal investigators need to collect more data and do a more thorough analysis and
synthesis of historical data.”

Dr. Ritter’'s comment about the disagreement among the scientists as to the major causes of DO
depletion in the DWSC needs to be reviewed in terms of the situation. While, based on the peer
review workshop, it is possible for a peer review panel member to come away with the
conclusion that thisissue isamajor issue that needs to be resolved, the facts are that Drs. Brown,
Litton, Foe, Mr. Gowdy and Dr. Lee are in agreement that algae from upstream sources are a
major cause of oxygen demanding loads that lead to oxygen depletion in the DWSC below the
WQO. At times, when the City’s ammonia discharges are significantly elevated and the SIR
DWSC flow is low, the City’s ammonia can contribute significantly to the DO depletion
problem. On the other hand, Lehman asserts, based on a statistical evaluation rather than a
deterministic evaluation used by the others, that ammonia is the dominant factor causing DO
depletion. The data do not support her position. There is no question that ammonia is an
important factor when the flows of the SIJR through the DWSC are low, and especially in the fall
when the algal BOD load is reduced. As discussed herein, caution should be exercised in using
statistical approaches to try to determine cause and effect. This has and can readily lead to
erroneous conclusions on the importance of a particular situation. The proposed use of the Chen
model to establish the impact of ammonia versus algal loads on the DO depletion problem
should provide considerable information pertinent to resolving the relative significance of
ammonia versus algae as a cause of the DO depletion problem in the DWSC.

Dr. Ritter's comment:
“There is enough data available to determine which of the tributaries are the major
sources of oxygen demanding material that is transported into the San Joaquin River
channel. What is not known with certainty is what are the causes of the oxygen
demanding material in the subwatersheds of the tributaries.”

Dr. Ritter’s comments about there being enough data to show that the oxygen demand materials
are derived from certain tributaries of the SJR and that we do not understand the sources of
oxygen demand within the tributary watersheds, where he supports the need for further studies, is
in accord with the planned activities.

Dr Ritter’s comment:
“Thereis a need to collect more data in this flow range with continuous DO, temperature
and flow rate at various points within the system and to obtain accurate measurements of
BOD loads to determine the relationship between flow rate, DO and BOD loads to the
DWSC with more certainty.”
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Dr. Ritter’s recommendations regarding the need to collect more data on various parameters in
the flow range of greatest interest are in accord with what is being planned. As indicated above,
an overal monitoring/evaluation program guide has been developed. This work will likely be
done during the Phase | TMDL.

Dr. Ritter’s comment:
“CALFED should go ahead with a pilot scale aeration demonstration. It is
recommended an RFP be developed for the aeration demonstration and the proposals be
evaluated by a peer group of scientists and engineers. There is also a need to develop
detailed cost/benefit data for different aeration schemes.”

Dr. Ritter's recommendation for CALFED to go ahead with the support of a pilot aeration
demonstration is in accord with the planned approach. The pilot (or experimental) aeration
program will be akey component of the Phase | TMDL.

Dr. Ritter’s comment:
“It is fairly clear how the DWSC increases the hydraulic residence time and affects the
DO conditions in the DWSC. There is some question how the geometry of the DWSC
affects the settling and resuspension of sediments and oxygen demanding particulate
matter. There also is a question to the thermal stratification that occurs in the DWSC
and what effect this has on the DO levels at various depths.”

Dr. Ritter's comments regarding how the geometry of the DWSC affects settling and
resuspension of the sediments and oxygen-demanding particulate material is an important issue
that will need to be considered in future studies, especially as it relates to the potential for
deepening the DWSC that the Port of Stockton has recently proposed. His recommendation on
thermal stratification isin accord with planned studies.

Dr. Jasshy
Dr. Jassby did not attend the Peer Review workshop or participate in the PR discussion of issues.
He provided specific comments on severa of the component project reports. Theissuesraised in
these comments will be addressed by the component project Pls. He comments,
“c) Information gaps
e Thereis still much uncertainty on the fate of river loads downstream of Mossdale but
upstream of the DWSC. It would still be helpful, as suggested in the last review
panel, to establish stations between Mossdale and Channel Point that evaluated
changes in both the total BOD load and the relative role of different constituents
(algal-derived materials, ammonium, other refractory and labile detrital organic
matter). This would also help to address Dr. Lehman’s contention that river loads
are much more refractory than expected.
e A better estimate of river loads into the DWSC is necessary. At the very least, a
station several miles upstream of the RWCF outfall would be more appropriate than
Channel Point or Mossdale when using discrete measurements. For chlorophyll,
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continuous flow and fluorescence monitoring should enable load estimates at any
point.”

Dr Jassby’s recommendations on adding monitoring stations between Mossdale and Channel
Point will be considered in the development of the Phase | TMDL. Sampling in this area is
much more expensive because of the tidal flow in this region, which results in having to take
many more samples to obtain reliable results. The reason that sampling has not been conducted
in this areain the past is based on funding limitations.

e “Arelatedissueistherole of primary consumers. Itisstill important, as noted in the
last review panel, to find out what role primary consumers are playing in the DWSC
as well as between Mossdale and Channel Point. Because primary producers are so
variable (especially Corbicula fluminea, a major macrobenthic filter-feeder in the
Delta), thisinformation is essential to calibrating a reliable simulation model, as well
as to understanding BOD changes downstream of Mossdale.”

Consideration is being given to quantification of zooplankton and macrobenthic organism
grazing as a factor in controlling phytoplankton populations as part of the future monitoring/
evaluation program that is being devel oped.

e “Thereisa very large body of historical evidence (DWR, DFG, and USBR datasets)
that can be brought to bear on some of the questions here and that remains
unexploited. Historical data analysis and time series or other statistical models offer
a cost-effective addition to this project that could produce results in a timely manner
with respect to the TMDL timelines. Moreover, they offer a long-term, data based
perspective to the results generated by other types of analyses and models.
Agreement between such different approaches gives us a much higher degree of
confidence in the conclusions. Disagreement subjects all approaches to a more
rigorous examination.”

To the extent that Dr. E. Van Nieuwenhuyse is involved in these studies in the future, he could
address these issues. Note: Dr. E. Van Nieuwenhuyse was not part of the CALFED-supported
team of investigators. He has followed closely the reporting on the studies that have been done
and, on his own initiative without CALFED support, provided a statistical evaluation of the IEP
database pertinent to the DO depletion problem. His future involvement will be dependent on
the arrangements that he makes with his employer — USBR — and CALFED, for support if
needed, as well as the time he has available for activities of thistype.

Dr. Jassby’ s comment:
“1 do, however, fedl that it would be worthwhile to emphasize a few of the points that
bear on future research and mitigation strategies:

1 The role of river loading from upstream in controlling DWSC DO levels is
uncertain. The research to date has made a strong case for the role of channel
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dredging, RWCF wastewater discharge and river flow. But some of the best guesses
that have been brought to bear on the importance of river loading are contradictory.
Resolving the relative importance of river loading should be a research priority,
whether it involves additional field measurement or analysis of existing data.”

The statement with respect to the uncertainty in the role of river loading only relates to Lehman.
The other investigators, who have all independently examined this issue, are in agreement with
respect to the relative significance of upstream river loading versus city of Stockton ammonia.
Basically, the issue focuses on the use of a questionably reliable statistical approach to infer
cause and effect, versus a deterministic approach based on measured rates and concentrations of
constituents. Thisissue will be addressed and resolved as part of the future studies.

“2.  Given the uncertainty regarding river loading, the most important known load is
from RWCF wastewater. Even if river loading proves to be relatively important,
wastewater contributions will remain significant. Improving wastewater effluent
quality is therefore at this point the most likely way to reduce TMDLS to the system,
and at any time an effective way to reduce TMDLs to the system.”

As discussed above, the issue of the future City’s ammonia discharges is under review. As now
currently required under the recently-adopted NPDES permit for the City’s wastewater
discharges to the SJR just upstream of the DWSC, the ammonia loads to the SIR during times of
elevated concentrations in the effluent will be reduced by afactor of about 10.

Dr. Jassby commented on the title of the Synthesis Report, indicating that this report goes
beyond a “synthesis’ of the other component project PIS studies. The Synthesis Report has
always been designed to present an integration of the CALFED component project PIS' findings,
as well as information from the literature and G. F. Le€e’'s experience/expertise in the topic areas
covered by the report. To address this issue, the title of the Synthesis Report has been expanded
to include “discussion.” Further, the scope of the Synthesis Report has been further discussed in
the beginning of the Preface. Considerable work has been done by G. F. Lee and A. Jones-Lee
during the fall and winter of 2002—-2003, devoted to additional examination of the SIR DWSC
1999 through 2001 data, and the presentation and discussion of the 2002 data. The title has been
broadened to include mention of the 2002 data review.

Dr.Horne

Dr. Alex Horne was unable to attend the Peer Review panel workshop. He provided comments
that focused on his recommended approach to solve the low-DO problem in the DWSC. He
strongly supports channel aeration as the initial means of controlling low DO in the DWSC. He
also supports the use of constructed wetlands to control upstream nutrient loads. G. F. Lee's
proposed monitoring/evaluation program guide includes exploratory studies on the potential to
use naturally occurring and/or constructed wetlands in the Mud and Salt Slough watersheds to
remove the nitrogen loads to the SIR upstream of where the Merced River enters the SIR.
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Scope of Work for SJIR DWSC Aeration Project

Under contract to G. Fred Lee & AssociatessNFWF/CALFED, URS Corporation developed a
Scope of Work and Schedule to conduct an aeration project as part of the Phase | SIR DO
TMDL project. This Scope of Work and Schedule was reviewed and approved by the SIR DO
TMDL Steering Committee. According to the URS write-up,

“The San Joaquin River Deegp Water Ship Channel Demonstration Aeration Project Scope of
Work focuses on devel opment and implementation of a demonstration aeration system as one
approach to increase the DO concentrations in the DWSC. |In addition to the engineering
design elements, this Scope of Work includes associated monitoring, modeling, and
environmental permitting.

The SIR DO TMDL will be implemented using a phased approach to solve the DO problem
in the DWSC. The first phase of the TMDL will have two main objectives with the first
objective being to continue to acquire the information necessary to understand the
mechanisms that both create oxygen demanding substances in the upper watershed and
cause excess oxygen demand in the DWSC. This information will be required to develop the
permanent solutions in the final TMDL phase. The second objective is to ensure that the
Regional Board's interim DO performance goal is met in the DWSC while these studies
continue. The projects making up this first phase of the TMDL will consist of an aeration
demonstration project and associated performance monitoring in the DWSC, and a set of
studies in portions of the watershed upstream of the DWSC (not addressed as part of this
Scope of Work). Phase | is expected to be implemented for a period of approximately five
years. The final TMDL phase will consist of the alternatives analysis required by the
National Environmental Protection Act (NEPA) and/or the California Environmental Quality
Act (CEQA), followed by design, implementation and long-term operation and maintenance
of the selected permanent solutions designed to meet the final Basin Plan DO objectives.

I nterim Performance Goal

The Phase | interim performance goal proposed by the RWQCB is applicable to all locations
within the DWSC between Channel Point and Disappointment Sough, but is not applicable
to the Turning Basin or local tributary channels. Between June | and November 30, the goal
is to ensure that no 7-day mean of daily DO minimums is below 5 mg/L, and that no single
daily DO minimum s below 3 mg/L. Between December 1 and May 31, the goal isto ensure
that no daily minimumis below 5 mg/L. This performance goal is not a formal water quality
objective, but a milestone to measure progress towards meeting the proposed long-term
objectives. Attainment of this performance goal would begin to provide a base level of
protection for beneficial uses. This interim performance goal will be the basis for selection
and design of the demonstration aeration project.

This Scope of Work lays out the steps that must be completed in order to plan, design, install,
and operate the aeration demonstration project. The purpose of the aeration demonstration
project isto meet the Regional Board's proposed interim DO performance goal during Phase
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| of the TMDL implementation. It will also provide for data collection and analysis aimed at
improving the understanding of the mechanisms causing the DO deficit within the channel.
This information will assist in the evaluation of cost/benefit and NEPA/CEQA alternatives
required to develop the permanent solutionsin the final TMDL implementation phase.

The aeration demonstration project is envisioned to be a multi-year effort. The first step will
be to perform a feasibility study to determine the preferred location, size, and type of
aeration technology to be demonstrated. One or more pilot aeration alternatives may be
tested and/or evaluated as part of the feasibility study. This will be followed by planning,
design and construction of the selected full-scale demonstration project. The demonstration
project will be operated and monitored with the following goals:

e collect data on aeration system efficiency and cost-effectiveness in meeting DO water
guality objectives,

e use the aerators in an experimental mode to quantify the relative importance and
interrelationship of the various oxygen consuming mechanisms in the DWSC;

e provide the aquatic resources in the DWSC with increased DO concentrations while
collection and evaluation of data continue;

« collect data to evaluate effects of aeration on the river environment.”

URS (2002) has provided detailed information on the development of the aeration demonstration
project.
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Appendix A
Organization of the Studies
(Note: thefigures and references mentioned in this appendix are in the report text)

The CVRWQCB (SWRCB, 1999b), as part of developing an approach for controlling the low-
DO problems in the DWSC, provided the opportunity for the stakeholders (dischargers of
oxygen demand constituents, entities whose activities influence the oxygen demand assimilative
capacity of the DWSC, environmental groups and others) to develop an alocation of
responsibility for solving the low-DO problem. The stakeholders organized the SIR DO TMDL
Steering Committee. The Steering Committee organized a Technical Advisory Committee
(TAC).

In the spring of 1999, members of the TAC submitted a proposal to CALFED to fund the initial
phase of a study designed to determine the causes of low DO in the DWSC and factors
influencing low DO. CALFED approved an $860,000, one-year study of the low-DO problemin
the DWSC that was to take place during the summer/fall 2000. In the summer of 1999, the TAC,
with Sportfishing Protection Alliance litigation settlement funds from the City of Turlock, City
of Stockton funds and some advanced funding from the CALFED grant (that was approved, but
not yet funded), initiated studies on the DWSC and the SIR at Vernalis (see Figures 2 and 3) for
the purpose of determining whether the loads of oxygen-demanding materials entering the
DWSC during the summer and fall were derived from “local” sources, such as the City of
Stockton’s wastewater discharges, or were derived from oxygen-demanding constituents present
inthe SIR a Vernais. Previous studies (McCarty, 1969; Brown and Caldwell, 1970; Jones and
Stokes, 2000) had concluded that algae in the SIR derived from upstream of Vernalis were a
major source of oxygen demand that caused low DO in the DWSC.

In the fall of 1999, the CVRWQCB developed a contract with Dr. G. F. Lee to develop an
“Issues’ report (Lee and Jones-Lee, 2000a) that was to summarize the key findings from the
summer 1999 studies and present recommendations for future studies. The Steering
Committee s origina plan called for the summer 1999 component project Plsto make available a
draft report of the results from their summer (August and September) studies that could be used
as the basis for developing the Issues report. The Issues report was published in mid-August
2000. The Issues report, which is available from the SIR DO TMDL website (www.sjrtmdl.org),
provides a comprehensive discussion of issues pertinent to understanding and managing the low-
DO problem in the DWSC, based on the knowledge available through the spring 2000. The
Issues report is an important background document to this Synthesis Report. Dr. G. F. Lee has
published several supplemental discussions of issues pertinent to managing the low-DO problem
in the DWSC (Lee and Jones-Lee, 2000b, 2001). These are available from his website,
www.gfredlee.com, and the SIR DO TMDL website.

In the spring of 2000, an externa peer review of the draft reports based on the summer 1999
studies was conducted. The peer reviewers comments are available from the SIR DO TMDL
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website. Also, at the same time, the TAC developed a followup proposal to CALFED to obtain
additional funding for further studies that would be conducted in the summer/fall 2001, of the
oxygen demand problem in the DWSC. This proposal represented an unprioritized collection of
TAC members proposed studies. CALFED Science Program’s review of this proposa
concluded that it should not be funded, since it lacked organization, detail on some studies, and
integration of the proposed studies. In the fall of 2000, Dr. G. F. Lee was asked by the Steering
Committee to develop a Directed Action proposal to CALFED to fund a comprehensive,
integrated study. CALFED imposed a $2 million, one-year limitation on this proposal. This
proposal was submitted in January 2001, and approved by CALFED (with modifications) in
April 2001. Dr. G. F. Lee was named the principa investigator (PI) coordinator for the 2001
studies.

There was inadequate time between authorization to proceed with the development of the
Directed Action proposal and when the proposal had to be submitted to CALFED to conduct a
proper in-depth review of each of the proposed component projects that were to be submitted to
CALFED for support of 2001 studies. The projects were reviewed to stay within the $2-million,
CALFED-imposed limit, and those submitted in the spring proposal which did not fit the primary
objectives of defining sources and loads of oxygen-demanding materials and their impacts were
deleted from the proposal.

While the funding of the 2001 studies was approved by CALFED in the spring 2001, it was late
summer before some of the component project Pls could establish contracts with CALFED to
purchase equipment, etc., needed to fully implement the proposed studies. There were
significant contracting problems between CALFED and some of the 2001 component project
organizations, such as the California Department of Water Resources (DWR), some of which
were not resolved until January 2003.

Dr. P. Lehman was the coordinating Pl for the summer/fall 2000 CALFED-supported studies.
The CALFED contract for these studies called for an external peer review to take place in the
spring 2001. This peer review did not take place, as aresult of the situation where many of the
Pls for the component projects had not developed draft reports covering the results of their
summer/fall 2000 studies.

The origina plan for developing the final scopes of work for the 2001 studies called for the
component project Pls for the year 2000 studies to have their near-final draft reports completed
in early spring 2001, so that adjustments could be made in the 2001 scopes of work to reflect the
information gained in 2000. This approach could not be followed, since many of the component
project PIs for the year 2000 studies did not complete their draft reports until the summer 2001,
after the 2001 studies had aready been initiated.

In May 2000, the Steering Committee asked Dr. G. F. Lee to become Chair of the TAC. Hewas
supported in this position for one year by funds derived from the city of Stockton. These funds
were exhausted the end of May 2001, and no additional funding was made available for a TAC
Chair. Between June 2001 and March 2002, the TAC operated without a Chair. K. Wolf,
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facilitator for the SIR DO TMDL project, served as the “pseudo” TAC Chair, organizing the
meetings that were not devoted to 2001 studies, such as the internal and external peer review of
the year 2000 studies. Those parts of the TAC meetings devoted to 2001 studies were organized
by Dr. G. F. Lee. In April 2002 Tom Quasebarth, with support from the city of Modesto,
assumed the TAC Chair position.

In accord with the contractual arrangements with CALFED for the 2001 studies, an external peer
review of the 2001 studies was to take place in early March 2002. The component project Pls
for the 2001 studies agreed in their contractual arrangements with CALFED to submit final draft
reports covering data collected in the summer 2001 studies through September 30, 2001, by
December 31, 2001. However, none of the component project Pls met this deadline. Asaresult,
the external peer review of the 2001 studies had to be postponed until mid-June 2002. Further,
as aresult of the lack of external peer review of the summer/fall 2000 studies, the external peer
review of these studies was to be combined with the external peer review of the 2001 studies.

As part of organizing the external peer review of the 2001 studies, the TAC agreed to conduct a
comprehensive internal peer review of the 2001 studies. Thisinternal (TAC) peer review was to
serve as the basis for coordinating and integrating the results of the component projects. The
internal peer review was, by TAC decision, a limited-scope peer review, which took place in
March 2002. The initial draft -- and, to the extent completed, final -- reports for the 1999, 2000
and 2001 studies were posted on the SIR TMDL website (www.grtmdl.org). The internal peer
reviewers comments are also posted with these reports.

The original plan for followup to the 2001 studies, which involved completion by December 31,
2001, of final draft reports covering the data collected through September 30, 2001, followed by
an internal peer review in February 2002, and an external peer review in March 2002, was to set
the stage for continued funding from CALFED for studies that would be conducted in the
summer of 2002. However, since the final draft reports were not received in time to conduct the
external peer review in March, and since CALFED Science Program (Marcotte, pers. comm.,
2002) would not provide additional funding without external peer review, there was no
possibility of any significant follow-on studiesin the summer 2002 to fill information gaps.

The CVRWQCB, as part of formulating the TMDL development plan, established December 31,
2002, as the date by which the Steering Committee must submit an implementable management
plan for controlling the low DO in the DWSC. Failure to meet this deadline would mean that the
CVRWQCB staff would be required to formulate a management plan (technical TMDL and its
allocation of responsibility) by the end of June 2003. These deadlines have been amajor driving
force in establishing the short turnaround times between conducting studies, developing final
reports and having these reports externally peer-reviewed. The fact that the originally planned
summer 2002 studies did not take place, because of the delayed external peer review, meant that
the information base available in April 2002 was essentially the information base that was
available for the Steering Committee and the CVRWQCB to formulate a TMDL of allowable
oxygen demand loads and the allocation of responsibility for controlling these loads or factors
influencing the oxygen demand assimilative capacity of the DWSC.
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The May 2002 draft Synthesis Report was designed to serve as the primary reference point for
the externa peer review of the 1999, 2000 and 2001 studies. While the 1999 studies were
previously externally peer-reviewed, the peer review took place, in some cases, on preliminary
draft reports. Further, there was need to review the 1999 studies with reference to the 2000 and
2001 studies, since all three years showed markedly different DO depletion patterns in the
DWSC.

The initial framework for the June 2002 external peer review was developed by Lee with the
assistance of Foe. In February 2002 CALFED developed a contract with URS to assume the
responsibility for conducting the June 2002 external peer review. The external peer review of
the current information base is critical for CALFED and the stakeholders to assess the adequacy
of the current information base in defining the causes of oxygen demand that lead to DO
concentrations below the WQO in the DWSC, factors influencing the oxygen demand
assimilative capacity of the DWSC, and the sources of oxygen demand constituents that lead to
low DO in the DWSC. As part of developing the peer review, a set of draft questions that the
stakeholders and CALFED wished to have the peer reviewers address was developed. The
guestions are available from the SIR DO TMDL website (www.sjrtmdl.org) and in this report.

One of the chronic problems that has existed in these studies is that Pls for component projects
of the studies failed to meet the deadlines that they agreed to meet as part of the scope of work
for the funding that they or their agency received. As of the time of development of the final
Synthesis Report in mid-March 2003, K. Jacobs and C. Kratzer have not submitted a draft report
and P. Lehman only submitted a preliminary draft report of the 2000 and 2001 data that she
collected. N. Quinn collected considerable data after he submitted his draft report for the peer
review. As of March 21, 2003, he has not submitted these data and his final report which
includes a discussion of these data. As a result of several of the PIs for component projects
failing to meet their contract requirements for submitting the final project report by even four
months after the due date, this Synthesis Report has had to be completed without having
available for review the final reports for several of the component projects.

Each of the component project Pls were required, in accord with their project scopes of work, to
submit all data collected, to K. Jacobs for posting on the |EP database. In July 2002 the project
Pl, G. F. Lee, contacted each component project Pl to determine if all the datathey had collected
were submitted, were posted correctly, and were in aretrievable form. Several of the PIs did not
respond to the request for this information, with the result that it is not clear at this time that all
the data collected in 1999, 2000 and 2001 with CALFED support have been posted on the IEP
database in aretrievable form.

In June 2002 CALFED permitted G. F. Lee to rebudget “administrative” funds from his
component project for further work on review of previously collected data. Subsequently in
early July, B. Marcotte of CALFED requested that these funds not be used for data review, but
instead be used for developing Phase | TMDL monitoring programs that could be supported by
CALFED. Lee, with review by Foe, developed this monitoring/evaluation program guidance,
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which is available on the SIR DO TMDL website and presented in this report. This monitoring
guidance was submitted to the SIR DO TMDL Steering Committee email lists for their review
and comment.

Beginning in October 2002, without additional support, Lee and Jones-Lee initiated a review of
the potential significance of urban stormwater runoff as a source of oxygen demand for the
DWSC. In November 2002, associated with a stormwater runoff event, low-DO conditions were
encountered in city of Stockton sloughs and creeks, and within the DWSC. Thisled to areview
of the DWR Rough and Ready Island continuously recorded DO data for al of 2002 that is
presented in this report. In addition, the extremely low DO conditions that occurred in the
DWSC in late January and February 2003 have been presented in this report. Further, as Dr.
Dahlgren’s 2002 data on BOD and chlorophyll at Mossdale became available in January 2003,
and the city of Stockton's wastewater effluent characteristics data for 2003 became available
from the CVRWQCB, Lee and Jones-Lee used these data to estimate oxygen demand loads for
the DWSC. Thisinformation is presented in this report.
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Appendix B
SIR DWSC Flows during 1999, 2000 and 2001
Vaues Compiled or Estimated by R. Brown (pers. comm., 2002), Jones & Stokes

Blue values are interpolated, for all years

SJR at SJR at SJR at SJR at SJR at SJR at

Stockton  Stockton Stockton Stockton  Stockton Stockton

UVM UvM UVM UVM UVM UVM

Flow Flow Flow Flow Flow Flow
Low High Estimate

Estimate Estimate
Date 1999 2000 2001 2001 2001 2001
cfs cfs cfs cfs cfs cfs

1-Jan 1680 457 414 343 580 414
2-Jan 1660 528 426 396 612 426
3-Jan 1640 500 367 332 565 367
4-Jan 1670 344 188 263 515 188
5-Jan 1660 150 134 251 507 134
6-Jan 1610 284 90 288 529 90
7-Jan 1520 200 173 515 681 173
8-Jan 1390 272 318 758 854 318
9-Jan 1200 263 616 886 963 616
10-Jan 1030 298 602 964 1014 602
11-Jan 930 183 710 1073 1127 710
12-Jan 1040 440 910 1172 1228 910
13-Jan 1060 171 939 1081 1193 939
14-Jan 946 203 979 1032 1171 979
15-Jan 833 230 839 911 1088 839
16-Jan 874 608 912 767 979 912
17-Jan 989 849 765 780 951 765
18-Jan 1170 947 671 1025 1090 671
19-Jan 1340 1029 627 1005 1085 627
20-Jan 1720 946 596 1023 1098 596
21-Jan 2420 887 518 806 947 518
22-Jan 2850 986 342 521 748 342
23-Jan 2540 958 233 463 704 233
24-Jan 3700 1235 288 368 641 288
25-Jan 4390 1596 430 436 691 430
26-Jan 4750 1934 413 385 686 413
27-Jan 4420 1656 583 942 1100 583
28-Jan 4510 1559 995 1039 1189 995
29-Jan 4350 1548 965 998 1146 965
30-Jan 4010 1513 858 927 1077 858
31-Jan 3950 1847 755 858 1013 755
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1-Feb 4390 675 696 691 889 696

2-Feb 3870 535 534 654 853 534
3-Feb 3310 201 445 629 825 445
4-Feb 3040 508 364 598 797 364
5-Feb 3210 443 320 590 790 320
6-Feb 3320 577 161 563 771 161
7-Feb 3390 382 453 580 779 453
8-Feb 4250 316 433 534 746 433
9-Feb 4990 363 288 524 739 288
10-Feb 5950 346 347 501 729 347
11-Feb 6920 209 517 744 919 517
12-Feb 7330 1224 842 768 974 842
13-Feb 7880 1813 1005 869 1092 1005
14-Feb 8200 2810 1068 1045 1236 1068
15-Feb 8240 4615 963 970 1188 963
16-Feb 7700 5152 914 1089 1282 914
17-Feb 7220 5224 853 1129 1301 853
18-Feb 6980 5986 856 1073 1247 856
19-Feb 7020 6544 746 1051 1228 746
20-Feb 7160 6618 905 1038 1213 905
21-Feb 7410 6808 1002 1010 1182 1002
22-Feb 7700 6359 882 1164 1336 882
23-Feb 8190 7018 1389 1284 1473 1389
24-Feb 7870 7616 1905 1334 1618 1905
25-Feb 7040 8060 2783 1568 1846 2783
26-Feb 6520 7132 2770 1804 2089 2770
27-Feb 6140 6614 2420 1912 2119 2420
28-Feb 5850 6841

Y

1-Mar 5710 7903 1933 1498 1720

2-Mar 5420 7935 1716 1262 1489 1716
3-Mar 5100 7103 1438 1162 1384 1438
4-Mar 5140 6914 1037 1088 1316 1037
5-Mar 4870 6900 1853 1130 1375 1853
6-Mar 4590 7703 2548 1612 1860 2548
7-Mar 4350 8534 2970 2449 2569 2970
8-Mar 4050 7874 2813 2375 2501 2813
9-Mar 3810 7856 2440 2400 2546 2440
10-Mar 3860 7821 2305 2331 2492 2305
11-Mar 4000 7666 2149 2065 2224 2149
12-Mar 4200 7481 1785 1575 1803 1785
13-Mar 4260 7401 1358 1426 1642 1358
14-Mar 4090 7275 1225 1271 1487 1225
15-Mar 3980 6923 1116 1133 1342 1116
16-Mar 3970 6441 1010 1114 1299 1010
17-Mar 3680 6267 937 1057 1242 937
18-Mar 3510 5987 812 1010 1190 812
19-Mar 3450 5364 735 970 1152 735
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20-Mar
21-Mar
22-Mar
23-Mar
24-Mar
25-Mar
26-Mar
27-Mar
28-Mar
29-Mar
30-Mar
31-Mar
1-Apr
2-Apr
3-Apr
4-Apr
5-Apr
6-Apr
7-Apr
8-Apr
9-Apr
10-Apr
11-Apr
12-Apr
13-Apr
14-Apr
15-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr
28-Apr
29-Apr
30-Apr
1-May
2-May
3-May
4-May
5-May
6-May

3510
3420
3320
3180
2980
2890
2730
2800
2670
2540
2430
2330
2190
2080
1850
2020
1770
1820
2000
2230
2560
2460
2780
2930
3030
2990
2870
2800
2770
2860
2960
2950
2830
2930
3060
2900
3080
3080
2860
2840
2980
3130
2980
2940
3060
3280
3190
3080

5084
5224
4441
3771
3461
3433
3331
3194
2969
2694
2485
2357
2183
1842
1521
1286
1216
1110
1009

864
1016
1067
1169
1723
2210
2935
4446
5412
6024
6639
6811
6222
5825
5940
6031
6083
5886
5763
5494
5310
5062
5165
5024
4952
4760
4636
4684
4867

616
537
554
618
528
652
598
524
433
457
495

392

999
377
550
709
899
794
776
742
708
711
689
703
715
652
460
481
1135
1971
2148
1966
1849
2426
3091
3260
3429

B-3

935
922
870
803
737
726
664
506
480
509
544
528
513
586
582
542
603
745
893
929
962
775
756
763
794
778
786
839
714
711
747
1694
2254
2339
2297
2290
2779
3269
3208
3355
3354
3269
3323
3337
3388
3326
3322
3318

1120
1105
1052
1002
946
943
861
697
676
696
720
704
687
753
748
701
731
842
980
1042
1063
920
904
911
931
919
925
971
853
826
867
1722
2272
2358
2315
2308
3225
4141
4177
4249
4248
4141
4209
4227
4291
4213
4208
4202

616
537
554
618
528
652
598
524
433
457
495
444
392
594
797
999
377
550
709
899
794
776
742
708
711
689
703
715
652
460
481
1135
1971
2148
1966
1849
2426
3091
3260
3429
3801
3705
3766
3782
3839
3770
3765
3760



7-May
8-May
9-May
10-May
11-May
12-May
13-May
14-May
15-May
16-May
17-May
18-May
19-May
20-May
21-May
22-May
23-May
24-May
25-May
26-May
27-May
28-May
29-May
30-May
31-May
1-Jun
2-Jun
3-Jun
4-Jun
5-Jun
6-Jun
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun
14-Jun
15-Jun
16-Jun
17-Jun
18-Jun
19-Jun
20-Jun
21-Jun
22-Jun
23-Jun

3160
3060
3190
3220
3040
2810
2940
3070
3300
3190
2770
2110
1790
1620
1520
1360
1400
1560
1320
1230
1300
1300
1290
1030
1130
1040
1170
1490
1600
1640
1680
1780
1670
1540
1480
1380
1490
1590
1590
1620
1720
1620
1570
1590
1710

5028
5276
5520
5498
5487
5199
4927
4992
4670
4137
3954
3544
2866
1883
1626
1505
1377
1357
1707
1625
1543
1483
1169
1130

956
1077
1167
1269
1310
1420
1387
1233
1440
1580
1604
1642
1688
1724
1511
1093

846

684
1019
1003

754

757

667

765

2012
1378

677
661
783
662
581
698
718
611
700
639
563
455
281
1000
754
576
547
557
556
622
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3314
3349
3326
3110
3129
3145
3245
3391
3345
3383
3374
3419
3226
2894
2486
2092
1822
1229
637
624
625
644
652
615
596
597
571
555
564
558
542
541
541
541
541
515
483
480
475
462
473
487
479
442
413
422
418
392

4197
4242
4212
3939
3963
3983
4110
4295
4237
4285
4274
4331
4086
3665
3149
2650
2308
1791
1274
1249
1249
1289
1304
1229
1191
1193
1142
1111
1129
1116
1083
1082
1082
1082
1082
1030

966

959

949

925

946

973

959

883

826

844

835

783

3755
3795
3769
3524
3546
3564
3677
3843
3791
3834
3824
3875
3656
3279
2818
2371
2065
2012
1378
936
937
967
978
922
893
895
856
833
677
661
783
662
581
698
718
611
700
639
563
455
281
1000
754
576
547
557
556
622



24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
1-Jul
2-Jul
3-Jul
4-Jul
5-Jul
6-Jul
7-Jul
8-Jul
9-Jul
10-Jul
11-Jul
12-Jul
13-Jul
14-Jul
15-Jul
16-Jul
17-Jul
18-Jul
19-Jul
20-Jul
21-Jul
22-Jul
23-Jul
24-Jul
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul
31-Jul
1-Aug
2-Aug
3-Aug
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug

1240
1100
973
883
923
987
1200
1310
1100
1090
813
673
782
900
839
701
563
658
816
825
830
840
824
706
665
601
77
762
729
688
810
854
892
875
1100
1090
982
918
811
845
767
906
971
795

699
936
708
615
588
503
673
691
479
629
527
505
485
662
717
744
590
650
561
758
775
659
724
759
719
597
515
664
776
925
788
677
648
817
760
856
943
882
860
621
456
697
877
1022
999
767
616
741

768
843
825
860
835
759
629
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422
457
455
444
443
453
446
446
431
418
404
421
419
407
422
435
433
404
387
411
421
446
480
464
437
408
412
404
425
444
413
391
406
402
391
412
432
408
404
371
376
381
397
420
407
381
358
351

844
914
909
889
885
907
892
893
862
836
807
842
837
814
844
869
866
809
775
823
841
892
959
929
874
815
824
809
850
887
825
782
812
803
782
824
865
816
808
742
752
761
794
841
814
763
715
703

768
843
825
860
835
759
629
670
647
627
605
631
628
611
633
652
649
607
581
617
631
669
720
697
656
612
618
607
638
666
619
586
609
603
586
618
648
612
606
556
564
571
595
630
611
572
536
527



11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
28-Aug
29-Aug
30-Aug
31-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep
7-Sep
8-Sep
9-Sep
10-Sep
11-Sep
12-Sep
13-Sep
14-Sep
15-Sep
16-Sep
17-Sep
18-Sep
19-Sep
20-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
26-Sep
27-Sep

972
972
911
936
1100
1050
798
757
825
812
792
895
787
912
902
892
771
909
1170
1250
1180
925
859
873
972
1200
1080
1010
900
990
1000
1080
1190
1310
1240
1180
1100
1000
1000
1070
1410
1250
1200
880
459
430
426
425

839

841

819

776

680

612

583

767
1015
1279
1228
1085
1179
1537
1436
1498
1664
1562
1356
1285
1314
1257
1469
1472
1592
1563
1398
1301
1068
1198
1352
1402
1324
1184
1110
1145
1658
1557
1260

919

675

921
1581
1699
1738
1728
1321
1118

762
761
871
835
817
925
904
773
645
598
879
1829
853
1137
1120
921
1000
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372
395
406
391
389
388
380
404
439
443
417
403
412
402
411
446
459
443
424
401
387
371
413
474
436
387
376
403
416
434
439
421
398
377
384
404
417
419
419
399
392
412
404
412
429
425
426
421

745
789
812
781
778
776
760
808
878
886
835
806
824
804
823
893
919
886
848
803
774
742
825
948
872
775
752
806
833
868
877
842
795
753
767
809
834
838
838
797
784
824
809
824
857
851
851
842

558
592
609
586
584
582
570
606
659
665
626
605
618
603
617
670
689
664
636
602
581
557
619
711
654
581
564
604
625
651
658
762
761
871
835
817
925
904
773
645
598
879
866
853
1137
1120
921
1000



28-Sep
29-Sep
30-Sep
1-Oct
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct
10-Oct
11-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov
9-Nov
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov

454
344
230
269
348
535
496
559
538
534
546
512
585
509
697
611
454
481
631
655
689
776
703
606
552
524
710
612
548
584
613
660
575
506
594
490
501
516
458
536
519
493
485
363
375
398
356
289

1216
786
699
637
402
803

1170

1522

1414

1670

1852

1843

2027

2319

2459

2310

2081

2079

2107

1934

1879

2094

2259

2474

2580

2452

2464

2301

2315

2326

2435

2348

2209

2140

2040

1878

1948

1794

1762

1660

1752

1493

1487

1390

1449

1425

1268

1341

934
1030
1060
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424

435

449

454

425

399

390

403

781
1160
1231
1186
1175
1144
1110
1124
1161
1152
1132
1136
1189
1284
1385
1580
1882
1887
1924
1992
2088
2078
2146
2042
1858
1698
1643
1650
1593
1521
1484
1455
1438
1520
1519
1523
1580
1624
1662
1639

847

869

898

907

850

797

781

805
1098
1391
1477
1423
1410
1373
1332
1349
1393
1382
1358
1364
1427
1541
1661
1895
2258
2264
2309
2390
2506
2493
2575
2450
2229
2038
1972
1980
1912
1825
1781
1746
1725
1824
1823
1827
1895
1949
1994
1967

934
1030
1060

680

638

598

585

604

940
1275
1354
1304
1293
1258
1221
1449
1480
1452
1393
1459
1565
1656
1740
1943
2321
2282
2460
2416
2486
2469
2608
2547
2354
2144
2122
2078
1983
1886
1665
1573
1629
1776
1762
1728
1906
1797
1906
1857



15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
21-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov
27-Nov
28-Nov
29-Nov
30-Nov
1-Dec
2-Dec
3-Dec
4-Dec
5-Dec
6-Dec
7-Dec
8-Dec
9-Dec
10-Dec
11-Dec
12-Dec
13-Dec
14-Dec
15-Dec
16-Dec
17-Dec
18-Dec
19-Dec
20-Dec
21-Dec
22-Dec
23-Dec
24-Dec
25-Dec
26-Dec
27-Dec
28-Dec
29-Dec
30-Dec
31-Dec

449
352
548
413
362
321
304
336
215
236
236
140
194
286
185
280
345
227
305
243
185
122

91
209

84
229
489
360
506
555
518
446
438
393
416
420
321
397
372
367
289
235
316
219
175
111
140

1372
1353
1412
1507
1517
1534
1545
1547
1484
1382
1312
1367
998
362
68
555
534
551
576
554
584
421
310
282
246
237
264
210
290
362
342
404
351
546
340
342
253
264
283
266
299
303
257
226
243
273
280

1634
1639
1649
1621
1599
1042
485
467
448
372
437
433
443
398
635
837
811
812
893
788
472
273
279
287
248
221
217
178
162
147
103
73
49
48
63
48
116
155
196
144
112
101
70
69
241
823
1591

B-8

1960
1967
1978
1945
1919
1292
665
646
626
572
627
615
620
590
755
892
867
876
950
873
662
534
544
547
514
484
475
446
431
414
383
353
328
327
333
327
394
435
476
427
393
379
351
351
519
1105
1885

1795
1788
1728
1789
1802
1705
1824
1764
1628
1622
1861
1577
1475
1167
1155
1171
1110
1245
1188
1217
1032
1012
1064
1238
973
890
867
949
893
759
704
793
761
791
746
798
956
971
1091
1032
971
1015
826
810
1016
1908
2930



For this estimate:
Low Estimate

Red | = (0.5 - 0.075*(Pumping/Vernalis Flow))*Vernalis Flow
= 0.75*Vernalis

Purple | Flow

= 0.30*Vernalis

Black | Flow

= 0.75*Vernalis

Orange | Flow

High Estimate

= (0.5 - 0.05*(Pumping/Vernalis Flow))*Vernalis Flow
= 0.95*Vernalis

Flow

= 0.60*Vernalis

Flow

= 0.90*Vernalis

Flow

For this estimate:
values are the actual UVM
Black data

Green values are an average of the high and low estimate
Pink values are the Vernalis - Old River flows
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Figure B-2

Flow (cfs)
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(Source: C. Ruhl of the USGS (pers. comm., 2003)
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Appendix D
DWR RRI Monitoring Station DO Data for 2002-2003

Figure D-1 presents a series of monthly plots of dissolved oxygen concentrations, as measured
by the DWR Rough and Ready Island continuous DO monitor for 2002 and thus far in 2003.
These data were obtained from the following website:
http://cdec.water.ca.gov/cgi-progs/queryF?s=rri& d=nowé& span=12hours

This monitor measures DO inside of a perforated sampling well, which measures a somewhat
integrated sample of about the upper third of the DWSC water column at the point of
measurement. DO values in the surface waters would be expected to be higher, and DO values
near the bottom could be considerably lower than those reported by the station. Further, the DO
concentrations measured at this location are not necessarily the worst-case conditions for the
DWSC, especially under elevated SIR DWSC flows, where the point of minimum DO occurs
further downstream, near Turner Cuit.

The Figure D-1 plots have a number of general features, such as periodic spikes, which relate to
calibration of the instrument. These spikes do not reflect DO concentrations. Further, in
examining these monthly plots it is important to note that they are not all to the same ordinate
scale. The abscissa scale has been converted from the DWR CDEC presentation of hour of the
day, to day of the month.

It is important to note that DWR indicates that all CDEC data are provisional, and have not been
screened for unreliable/questionable values. The issue of particular concern is whether there was
drift in the DO readings which are corrected through the weekly calibration. If, associated with a
calibration spike, there is a change of the DO reading on each side of the spike, then the readings
on the left of the spike (before calibration) need to be adjusted for the calibration change.

In discussing these data, it is important to consider the SIR flow through the DWSC, since flow
information can help in the interpretation of the DO depletion data. The flow data are presented
in Figures B-1 and B-2 in Appendix B. In January 2002, the DOs were between 6 and 7 mg/L
through the first 10 days, then dropped down to about 5 mg/L by mid-month. During this period
the SJR flow through the DWSC ranged from 2,000 to 4,000 cfs during the first few days of the
month, then rapidly dropped by mid-month to about 400 cfs. DO concentrations were between 5
and 6 mg/L for the remainder of the month, during which time the flows were less than 250 cfs.

In February 2002, the DOs dropped to about 4 mg/L beginning about the 5th of the month, and
stayed between 4 and 6 mg/L for the rest of the month. During this time the SIR DWSC flows
were generally less than 500 cfs, with a short period of flows mid-month of 600 cfs. Therefore,
there were significant water quality objective violations during February 2002. These violations
continued into March 2002, until about the eighth of the month when the DO began to increase
gradually up to between 6 and 8.5 mg/L. During this time the SIR DWSC flows were variable,
ranging from about 300 cfs at the first of the month up to 900 cfs by the second week, down
again to alow of 400 cfs, back over 1,000 cfs during the last week, and then back down to 500
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cfs. The DO depletion during the spring for a given flow condition would be expected to be
somewhat different than summer-fall, since normally the winter-spring period has lower algal
growth and biomass. While this is the normal expected situation, as discussed below, thisis not
the situation that was encountered during January and February 2003, when a large algal bloom
occurred during mid-winter.

In April 2002 there were some DO values down to about 5 mg/L; however, al the values for the
month were above the water quality objective. Again the latter part of the month had a major
increase in DO, to around 10 mg/L. During this time the Vernalis Adaptive Management
Program (VAMP) was initiated, where by mid-April the flows rapidly increased to over 2,000
cfs.

A review of the Rough and Ready Island (RRI) CDEC dissolved oxygen data shows that during
May 2002 the DO generally ranged from about 6.6 mg/L to about 10.5 mg/L. There were no
recorded violations of the DO water quality objective during this period. The VAMP flow was
in effect from April until about the last week of May, when the flows decreased to about 600 cfs.

During the latter part of June 2002 there was a period when the DO at the Rough and Ready
Island station was as low as 3.4 mg/L. Generally it was between 5 and 8 mg/L. During thistime
the SIR DWSC flows were highly variable, where at the beginning of the month the flows were
about 400 cfs, decreased to about 50 cfs by the second week, increased rapidly to 900 cfs, and
finished the month at about 600 cfs.

The July DO data, as measured at the Rough and Ready I1sland monitoring station showed a low
DO of 1.9 mg/L occurring around the end of July, while much of the month had DOs less than
the water quality objective of 5 mg/L. There are also marked diel variations in DO during mid-
to late July, ranging from about 3 to 10 mg/L during the diel cycle. This diel pattern persisted
through the rest of the month, with typical mornings, through most of the day, having DOs less
than the water quality objective of 5 mg/L. During July, except for a couple of days, the SIR
DWSC flows were less than 500 cfs, with a low value occurring during the third week of about
150 cfs.

During August, except for the diel peaks that occurred on several days, the DO was less than the
5 mg/L WQO. There were some values on the order of 1 mg/L. The SIR DWSC flows during
the first part of August were in the range of 200 to 400 cfs, with a low value of about 50 cfs
occurring mid-month. From that point, there was a steady increase in flow to about 900 cfs.

During September the DOs measured at Rough and Ready Island station, with the exception of
diel peaks that occurred on a couple of days, were all less than the water quality objective of 6
mg/L, with many values on the order of 2 to 4 mg/L. SIR DWSC flows during September
started at about 500 cfs, and gradually increased to about 1,000 cfs by the end of the month.

During October 2002 the DO at the beginning of the month was 2 mg/L. By mid-month it was
generally above the 6 mg/L WQO. The increasing SIR DWSC flow trend noted for September
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continued through October, beginning with a flow of about 900 cfs at the first of the month,
increasing to a high of about 1,800 by the third week. The DO readings during the first week or
so of October may be somewhat low due to drift problems, as evidenced by the increase at the
calibration mark that occurred on the sixth of the month.

At the beginning of November the DOs were generally between 7 and 9 mg/L. At the end of the
first week there was a major rainfall runoff event in the San Joaquin River watershed, and the
DO began to drop, in a steady decline to the end of the month, when the DO was 3.5 mg/L. The
SIR DWSC flows at the beginning of November were about 1,200 cfs. During the first week
there was an increase to about 1,700 cfs, and then arapid drop in flow by the third week down to
about 100 cfs.

DO measurements at the beginning of December were between 3 and 4 mg/L. By mid-month
they increased to between 5 and 6 mg/L, and they stayed in that range through the end of the
month. The DO water quality objective during this time was 5 mg/L. The SIR DWSC flows at
the beginning of December were about 100 cfs, and remained below 400 cfs until mid-month,
when there was a rapid increase to about 1,200 cfs. For the rest of the month, the flow was
greater than 500 cfs.

A review of the 2002 data shows that monitoring load parameters such as ammonia and
chlorophyll at Mossdale must be done more frequently than every two weeks as has been donein
the past. Weekly measurements or even twice-aweek measurements would be more
appropriate. Otherwise, biweekly measurements could totally miss a major algal pulse that
passes through the DWSC, which would lead to high diel DO swings and substantial oxygen
demand loads. Further, more frequent monitoring of the SIR DWSC loads and within the
DWSC needs to be conducted during times such as in 2002 when there are rapid changes in the
flow of the SJR through the DWSC.

January-February 2003

Examination of Figure D-1 for the January through mid-March 2003 RRI DO data shows that the
DO at the beginning of January was about 6 to 7 mg/L. There was a steady decrease during
January, reaching 2 mg/L by the end of the month. As shown in Figure D-1 for February 2003,
the DO concentrations at the RRI station during the early part of the month were between 2 and 3
mg/L, with asmall diel change. By about February 10, the DO concentrations were reading zero
or near-zero each morning, through about February 20. According to Jennings (pers. comm.,
2003) these extremely low DO values were associated with afish kill. Around February 20, the
DO concentrations began to rise slightly, so that by the end of the month, they were at 1.8 mg/L.
In thefirst 12 days of March, the DO concentrations continued to steadily increase, so that by the
12th, the DO in the early morning was 5.4 mg/L. Asaresult, there was a period from January 13
through the first ten days or so of March, when the DO concentrations were in violation of the 5
mg/L WQO.

As shown in Figure B-2, beginning about January 20, through mid-February, SIR flows through
the DWSC were on the order of less than 100 to a couple of hundred cfs. By mid-February they
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jumped back up to about 500 cfs, and then bounced around 250 to 500 cfs for the rest of the
month. These low flows appear to be contributing to the severe low DOs that were found in the
DWSC during February 2003. During the low-DO period in February 2003 when there were low
SIR flows through the DWSC, the SIR at Vernalis flows were in excess of 1,800 cfs, which
means that the low SIR DWSC flows were due to diversion of most of the SJIR flow at Vernalis
into the South Deltafor export to Central and Southern California.

Examination of the Rough and Ready Island chlorophyll measurements during February 2003
(data not included, but available from the RRI station CDEC website, http://cdec.water.ca.gov/
cgi-progsqueryF?s=rri& d=nowé& span=12hours) shows that, at the beginning of the month, the
daily chlorophyll measurements were around 10 to 15 units (ug/L?). There was a steady
increase until about February 17, where the peak value was 60 units. After that, it decreased to
about 25 units by the end of February. During March, the chlorophyll values at the RRI station
were in the range of 20 to 25 units. In January, the chlorophyll values were on the order of 7 to
10 units.

The city of Stockton wastewater effluent ammonia concentrations for November 2002 through
January 2003 values averaged about 26 mg/L ammonia N. According to Litton (pers. comm.,
2003), the city of Stockton's wastewater ammonia concentrations for February were similar to
those that have been discharged for November through January. It appears that the combination
of low SIR flows through the DWSC and elevated city of Stockton wastewater ammonia
discharges led to the severe DO depletions during February 2003. Coincidentaly, alarge algal
bloom occurred in the DWSC during the low-DO episode. Litton indicates that the SIR
upstream of the DWSC did not have high algal concentrations and that the algal bloom was local
to the DWSC.

FigureD-1
Dissolved Oxygen Concentrations at the RRI Monitoring Station
During 2002 - 2003
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Figure D-1 (continued)
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Figure D-1 (continued)
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Figure D-1 (continued)
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Figure D-1 (continued)
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Figure D-1 (continued)

16

—_
[\

Dissolved Oxygen
(mg/L)
. oo

o

March 2003

10

Dissolved Oxygen
(mg/L)
o N BN ()] <o

7 14

7 (date) 12

(date)

21

28



Appendix E
Relationship between BODs and Chlorophyll a Plus Pheophytin a

Based on the studies of Foe, et al. (2002) and Dahlgren (2002), which show that there is a
relationship between oxygen demand in the SIR and the planktonic algal chlorophyll a, it is of
interest to examine the city of Stockton data for 1999, 2000 and 2001 for the relationship
between BODs and the sum of the chlorophyll a and pheophytin a. Using the sum of the
chlorophyll a and pheophytin a as a potential estimate of oxygen demand is based on the results
of Foe, et al. and Dahlgren. Brown (pers. comm., 2002) supports this approach.

The city of Stockton BODs versus the sum of chlorophyll a and pheophytin a data obtained at
Mossdale for 1999, 2000 and 2001 are plotted in Figure 1. As shown, there is little or no
relationship between the measured BODs and the sum of the chlorophyll a and pheophytin a.
However, examination of the data shows that the data points on the right side of the plot, which
have high BOD but lower chlorophyll a, were all obtained in 1999. The removal of the 1999
data from this plot (see Figure 2) significantly improves the relationship between the measured
BOD at Mossdale and the sum of the chlorophyll a plus pheophytin a.

In order to examine the BOD, chlorophyll a and pheophytin a relationships for the DWSC, the
data obtained by the city of Stockton during 1999, 2000 and 2001 for stations R3 and R7 were
used. This relationship is shown in Figure 3. As shown, there is no relationship. However, as
occurred at Mossdale, all of the higher BOD values with lower chlorophyll a — i.e., the points
above about 5 mg/L BODs — were obtained in 1999. Removal of the 1999 data, and replotting
just the 2000 and 2001 data (see Figure 4) significantly improves the relationship between BODs
and the sum of the chlorophyll a plus pheophytin a.

One of the reasons why the BOD could be elevated for a given chlorophyll a would be increased
concentrations of ammonia. Examination of the 1999 data, particularly at station R3, tends to
show a higher ammonia concentration than was found in 2000. However, in 2001 the ammonia
concentrations at R3 were, in general, smilar to those in 1999. It does not appear that the
differences between the BOD, chlorophyll a plus pheophytin a obtained in 1999 compared to
those found in 2000 and 2001 were due only to ammonia. According to L. Huber of the city of
Stockton, the same laboratory made the measurements of chlorophyll a all three years; however,
different laboratories made measurements of BOD in all three years. At thistime, it is not clear
why there are such differences between the 1999, 2000 and 2001 data for the relationship
between BOD and the sum of the chlorophyll a plus pheophytin a.
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Appendix F —Backup Information for Box Model Calculations
Approach for Calculating Oxygen Demand L oads

The city of Stockton sampling of the DWSC and upstream in the SIR data for 1999, 2000 and 2001
were used to calculate estimated oxygen demand loads at Mossdale, city station R3 (Channel Point)
and city station R7 (just upstream of Turner Cut). The SIR DWSC flows for each of the sampling
dates were estimated, based on the information provided by R. Brown, as the average of the SIR
UVM flows into the DWSC. The flows just before and just after the sampling date were averaged,
and that flow was used for that sampling date for the Mossdale, Channel Point and Turner Cut
locations. The BOD concentration data for Mossdale was only a single value in the water column.
For stations R3 and R7, in some years samples were collected from surface and bottom, and in 2001
they were collected from surface, mid and bottom. The available water column data were averaged
at each sampling station and date to provide an average concentration of BOD, ammonia and organic
nitrogen. The chlorophyll a and pheophytin a data were summed at each depth for each sampling
location, and the average of the water column (from the data available) was used to compute an
average concentration for that location and date.

For DO concentrations, the City only made measurements at mid-depth. This was the DO reported
for the station. The DO saturation values were obtained from a table provided by Standard Methods
(APHA, et al., 1998), for the mid-depth temperatures provided by the City for the location for the
sampling event. The BOD, was obtained by multiplying the BODs by 3. This s the approach that
was recommended by G. Litton (pers. comm., 2002), based on his site-specific data collected in
1999, 2000 and 2001, which relates the BODs measured in a standard bottle test to the ultimate BOD
for the carbonaceous and nitrogenous fractions. The loads of various parameters were estimated
through the relationship of the concentration in mg/L times 5.4 times the average SIR DWSC flow
for the sampling event.

The BOD values were converted to BODs by multiplying by 0.65. Thisis the value that was found
by Foe, et al. (2002) to relate these two BOD measurements.

The DO deficit loads were estimated based on the difference between the observed mid-depth
oxygen and the saturation value. The DO deficit loads were estimated based on the difference times
5.4 times the flow for the sampling event. The travel times were based on information provided by
R. Brown, based on the SIR DWSC flow and the geometry of the Deep Water Ship Channel between
Channel Point and Turner Cut, and the SIR between Mossdale and Channel Point (Figure 7).

The loads for the city of Stockton wastewater discharges were based on information provided by the
city of Stockton, as developed by R. Brown on behalf of the City. The values provided in the report
were checked against the original data. The organic nitrogen BOD,, for 1999 and 2000 was added to
the information provided by the City for the carbonaceous and nitrogenous BOD. R. Brown's
calculations (on behalf of the City) of oxygen demand in the City’s wastewater discharges were
based on the carbonaceous BOD developed in anitrification-inhibited BOD test times 2.5 to estimate
the total carbonaceous BOD. The nitrogenous BOD was estimated based on the ammonia
concentration times 4.57, to obtain the NBOD,. The City’s data were presented on an average per-
month basis. The monthly values were used to estimate the City’s contribution for each of the
sampling dates for the sampling of the DWSC and SIR upstream of Channel Point.
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Table F-1

1999 M ossdale
Chlorophyll aand
Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
8/24 850 8.2 8.2 0 25.4 3.8 11.4 <0.2 0.8 19 36 55
8/31 1,024 8.1 8.6 0.5 22.4 3.2 9.6 <0.2 0.7 22 27 49
9/07 1,022 9.5 8.6 +0.9 23.0 6.2 18.6 <0.2 0.6 24 44 66
9/14 1,157 8.7 8.6 +0.1 22.4 6.0 18.0 0.2 0.6 18 27 45
9/21 1,135 8.5 8.9 0.4 21.2 7.0 21.0 0.3 0.8 20 14 34
9/28 395 8.1 9.1 1.0 20.0 4.4 13.2 0.2 0.7 20 14 34
10/05 494 8.0 9.5 1.5 18.5 4.5 13.5 <0.2 0.7 15 13 28
10/19 623 9.5 9.8 0.3 16.2 4.4 13.2 0.2 0.6 20 8 28
10/26 592 8.2 9.3 1.1 16.4 5.0 15.0 0.2 0.6 6 6 12




Table F-1 (continued)
1999 Station R3

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
8/24 850 4.7 8.3 3.6 24.6 35 10.5 0.2 0.6 8 36 44
8/31 1,024 4.8 8.6 3.8 23.9 3.8 11.4 0.5 0.6 8 12 20
9/07 1,022 5.5 8.6 3.1 23.1 7.1 21.3 0.4 1.2 8 9 17
9/14 1,157 5.3 8.6 3.3 22.6 7.8 23.4 0.4 0.6 6 16 22
9/21 1,135 6.0 8.8 2.8 21.4 7.2 21.6 0.7 1.1 3 16 19
9/28 395 3.8 8.7 4.9 22.1 9.5 28.5 1.0 1.3 4 12 16
10/05 494 4.4 9.1 4.7 20.9 5.2 15.6 1.8 2.0 12 15 27
10/19 623 5.9 9.5 3.6 18.1 8.4 25.2 0.7 1.0 3 5 8
10/26 592 6.1 9.5 3.4 17.6 8.1 24.3 1.2 15 4 6 10




Table F-1 (continued)
1999 Station R7

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
8/24 850 4.6 8.2 3.6 24.7 4.8 14.4 <0.2 0.7 4 6 10
8/31 1,024 4.7 8.2 35 24.7 4.0 12.0 0.2 <05 2 10 12
9/07 1,022 5.1 8.5 34 23.5 6.2 18.6 0.2 0.5 4 2 6
9/14 1,157 4.3 8.5 4.2 23.7 8.2 24.6 0.2 0.6 6 9 15
9/21 1,135 4.7 8.6 3.9 22.9 8.4 25.2 0.4 0.6 2 6 8
9/28 395 6.0 8.6 2.6 22.4 4.9 14.7 <0.2 0.5 4 22 26
10/05 494 5.1 8.8 3.7 215 3.8 11.4 <0.2 0.4 3 4 7
10/19 623 3.5 9.1 5.6 20.0 8.4 25.2 <0.2 0.4 7 1 8
10/26 592 4.1 9.3 5.2 19.0 8.0 24.0 0.2 <05 3 2 5




Table F-2

2000 M ossdale
Chlorophyll aand
Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/20 1,202 10.0 8.3 +1.7 24.6 4.3 12.9 0.3 <05 55 29 84
6/27 652 12.4 8.0 +4.4 6.4 3.9 11.7 <0.2 <05 81 40 121
7/11 634 10.7 8.3 +2.4 24.5 4.8 14.4 <0.2 <05 87 36 123
7/18 662 11.6 8.5 +3.1 23.3 4.3 12.9 <0.2 <05 85 43 128
7125 770 9.8 8.3 +15 24.6 4.6 13.8 <0.2 <05 55 34 89
8/01 759 11.0 8.0 +3.0 26.6 3.4 10.2 <0.2 <05 56 49 105
8/08 837 10.6 8.3 +2.3 24.3 2.7 8.1 <0.2 <05 55 10 65
8/15 725 11.2 8.3 +2.9 25.1 3.4 10.2 <0.2 <05 59 8 67
8/22 1,251 8.9 8.4 +0.4 23.4 2.0 6.0 <0.2 <05 35 11 46
8/29 1,447 9.1 8.7 +0.4 21.9 2.2 6.6 <0.2 <05 61 26 87
9/12 1,277 10.4 8.7 +1.7 22.2 1.8 5.4 <0.2 <05 43 25 68
9/19 1,224 9.8 8.5 +1.3 23.4 2.2 6.6 <0.2 <05 43 13 56
9/26 1,372 9.4 8.8 +0.6 21.3 1.7 5.1 <0.2 <05 21 14 35
10/03 | 1,201 8.0 8.8 0.8 21.3 2.6 7.8 <0.2 <05 20 9 29
10/17 | 2,141 9.2 9.5 0.3 18.1 1.5 45 <0.2 <05 18 16 34
10/24 | 2,416 9.2 10.1 0.9 14.8 3.2 9.6 <0.2 <05 12 10 22
10/31 573 8.5 10.2 17 14.3 29 8.7 0.3 <05 8 6 14




Table F-2 (continued)
2000 Station R3

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/20 1,202 6.3 8.1 1.8 25.4 4.8 14.4 0.2 0.6 33 34 67
6/27 652 6.2 8.1 1.9 26.2 3.1 9.3 <0.2 <05 32 32 64
7/11 634 4.9 8.3 3.4 24.4 3.0 9.0 <0.2 <05 30 15 45
7/18 662 5.4 8.3 2.9 24.4 35 10.5 <0.2 <05 30 20 50
7125 770 6.3 8.1 1.8 25.9 3.0 9.0 <0.2 <05 19 26 45
8/01 759 6.4 8.0 1.6 27.0 25 7.5 <0.2 <05 41 17 58
8/08 837 5.4 8.1 2.7 25.4 2.2 6.6 <0.2 <05 12 27 39
8/15 725 6.2 7.9 1.7 25.7 2.2 6.6 <0.2 <05 18 16 34
8/22 1,251 6.7 8.5 1.8 23.6 2.2 6.6 <0.2 <05 22 16 38
8/29 1,447 7.3 8.6 1.3 23.1 2.2 6.6 0.2 <05 20 16 36
9/12 1,277 7.4 8.6 1.2 22.7 2.6 7.8 <0.2 <05 24 24 48
9/19 1,224 7.5 8.6 1.1 22.7 2.3 6.9 <0.2 <05 10 22 32
9/26 1,372 8.3 8.7 0.4 21.9 2.3 6.9 0.5 0.7 26 7 33
10/03 1,201 6.2 8.8 2.6 21.6 1.9 5.7 0.8 2.4 12 12 24
10/17 2,141 7.4 9.5 2.1 18.2 2.0 6.0 <0.2 <05 4 8 12
10/24 2,416 8.3 9.9 1.6 15.3 2.3 6.9 <0.2 <05 8 5 13
10/31 573 8.0 10.3 2.3 14.2 1.7 5.1 0.3 0.9 4 6 10




Table F-2 (continued)
2000 Station R7

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/20 | 1,202 5.7 8.3 2.6 24.6 1.0 3.0 <0.2 0.8 8 4 12
6/27 652 5.3 7.9 2.6 25.7 1.0 3.0 <0.2 <05 6 10 16
7/11 634 55 8.3 2.8 25.0 1.6 4.8 <0.2 <05 12 12 24
7/18 662 5.7 8.3 2.6 24.3 1.7 5.1 <0.2 <05 10 6 16
7125 770 55 8.2 2.7 25.4 1.1 3.3 <0.2 <05 4 4 8
8/01 759 4.8 8.0 3.2 26.5 1.6 4.8 <0.2 <05 10 8 18
8/08 837 5.3 8.1 2.8 26.1 1.2 3.6 <0.2 <05 10 4 14
8/15 725 5.0 8.2 3.2 25.5 1.2 3.6 <0.2 <05 10 2 12
8/22 | 1,251 5.8 8.3 2.5 25.1 1.2 3.6 <0.2 <05 17 10 27
8/29 | 1,447 5.9 8.6 2.7 23.2 0.8 2.4 <0.2 0.4 12 10 22
9/12 | 1,277 6.4 8.6 2.2 22.4 15 4.5 <0.2 <05 12 4 16
9/19| 1,224 5.6 8.4 2.8 23.7 15 4.5 <0.2 <05 7 9 16
9/26 | 1,372 7.0 8.5 15 23.5 15 4.5 0.2 <05 14 7 21
10/03 | 1,201 55 8.7 3.2 22.5 15 4.5 <0.2 <05 6 2 8
10/17 | 2,141 6.2 9.5 3.3 18.2 15 4.5 0.2 0.5 6 5 11
10/24 | 2,416 7.6 9.7 2.1 16.5 15 4.5 <0.2 <05 8 6 14
10/31 573 -- -- -- -- -- -- -- -- -- -- --




TableF-3

2001 M ossdale
Chlorophyll aand
Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/12 674 11.4 8.6 +2.8 23.0 5.2 156 | <0.1 0.57 51 18 69
6/19 610 11.8 8.1 +3.7 26.0 5.8 17.4 0.91 2.30 58 37 95
6/26 746 10.6 8.6 +2.0 22.8 4.6 13.8 0.11 1.40 78 15 93
7/10 622 115 8.3 +3.2 25.1 6.3 18.9 0.35 1.20 80 28 108
7117 657 9.6 8.5 +1.1 23.4 4.2 12.6 0.13 0.90 58 55 113
7124 618 12.2 8.1 +4.1 26.1 4.0 12.0 0.16 1.40 69 22 91
7/31 599 9.7 8.3 +1.4 24.9 3.8 114 0.81 1.50 49 55 104
8/07 577 8.3 8.1 +0.2 26.4 2.6 7.8 0.55 1.30 20 47 67
8/14 583 9.3 8.4 +0.9 23.9 4.3 12.9 0.78 1.60 58 25 83
8/21 626 7.9 8.6 0.7 23.5 2.3 6.9 0.11 0.96 24 30 54
8/28 634 7.9 8.2 0.3 25.6 1.8 54 | <0.1 0.82 28 24 52
9/11 610 8.3 8.6 0.3 22.5 3.7 11.1 1.00 1.50 44 29 73
9/18 792 8.6 8.6 0 23.0 3.7 11.1 0.61 1.70 33 30 63
9/25 1,143 7.8 8.9 1.1 21.0 2.7 8.1 0.57 1.40 25 29 54
10/02 785 7.6 8.7 1.1 21.9 35 10.5 0.59 1.50 23 16 39
10/16 | 1,279 8.1 9.1 1.0 20.0 1.7 5.1 0.71 1.20 15 15 30
10/23 | 2,068 8.3 9.7 14 16.9 13 39 | <01 0.37 11 12 23




Table F-3 (continued)
2001 Station R3

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/12 674 5.2 8.5 3.3 23.8 3.6 10.8 0.44 0.46 14.3 9.1 23.4
6/19 610 5.1 8.2 3.1 25.5 3.6 10.8 0.52 1.04 25.7 9.5 35.2
6/26 746 3.8 8.2 4.4 25.3 3.0 9.0 0.90 1.50 21.0 6.6 27.6
7/10 622 4.2 8.0 3.8 26.6 2.7 8.1 0.28 0.98 9.7 20.2 29.9
7117 657 55 8.4 29 24.0 3.4 10.2 0.73 1.55 16.2 37.7 53.9
7124 618 4.0 8.3 4.3 24.8 1.4 4.2 0.85 1.50 2.5 18.7 21.2
7/31 599 4.3 8.3 4.0 24.8 25 7.5 0.72 1.25 8.9 32.3 41.2
8/07 577 4.9 8.2 3.3 25.5 2.8 8.4 0.85 1.40 10.7 25.7 36.4
8/14 583 6.1 8.3 2.2 24.8 3.1 9.3 0.94 1.40 18.3 31.3 49.6
8/21 626 4.8 8.2 3.4 25.1 3.6 10.8 1.05 1.75 16.0 17.3 33.3
8/28 634 4.5 8.2 3.7 24.9 34 10.2 0.36 1.20 17.0 15.3 32.3
9/11 610 6.2 8.5 2.3 23.2 3.7 11.1 0.36 1.20 14.0 26.3 40.3
9/18 792 5.9 8.6 2.7 22.6 2.0 6.0 0.62 1.65 13.0 42.7 55.7
9/25 1,143 6.3 8.6 2.3 22.6 3.2 9.6 0.33 1.20 17.0 40.0 57.0
10/02 785 6.5 8.7 2.2 22.0 3.6 10.8 0.58 1.65 25.7 23.3 49.0
10/16 | 1,279 6.9 9.1 2.2 19.5 3.3 9.9 2.10 2.35 13.4 20.0 33.4
10/23 | 2,068 6.8 9.4 2.6 18.3 1.8 5.4 0.33 0.78 12.3 14.3 26.6




Table F-3 (continued)
2001 Station R7

Chlorophyll aand

Flow DO (mg/L Temp | BODs | BODy | NH3-N | Org-N Pheophytin a (ug/L)
Date (cfs) M eas. Sat. Delta (°C) (mg/L) | (mg/L) | (mg/L) | (mg/L) | Chlor. | Pheo. Sum
6/12 674 6.0 8.5 2.5 23.8 2.20 6.60 0.20 0.48 3.9 2.2 6.1
6/19 610 4.3 8.2 3.9 25.3 1.04 3.12 0.24 0.46 3.6 1.6 5.2
6/26 746 5.2 8.3 3.1 24.6 0.63 1.89 0.14 0.60 7.9 3.5 11.4
7/10 622 5.7 8.2 25 25.5 1.30 3.90 0.18 0.44 4.8 3.4 8.2
7117 657 4.8 8.3 35 24.7 1.37 4.11 0.18 0.55 6.0 7.2 13.2
7124 618 5.6 8.3 2.7 24.7 0.97 2.91 0.21 0.47 7.9 7.2 15.1
7/31 599 4.9 8.3 3.4 24.7 0.82 2.46 0.28 0.70 9.6 8.9 18.5
8/07 577 5.4 8.1 2.7 25.7 <1 1.50 0.28 0.71 59 10.1 16.0
8/14 583 5.3 8.2 2.9 25.2 1.80 5.40 0.16 0.86 6.2 9.9 16.1
8/21 626 5.2 8.2 3.0 24.9 1.17 3.51 0.14 0.78 55 10.8 16.3
8/28 634 4.2 8.2 4.0 25.2 1.80 540 |<0.1 0.88 11.7 6.8 18.5
9/11 610 6.3 8.6 2.3 23.2 1.33 399 [<01 0.70 4.4 14.9 19.3
9/18 792 4.8 8.6 3.8 23.0 3.57 10.71 0.09 0.68 2.0 16.3 18.3
9/25 1,143 4.4 8.7 4.3 22.2 2.10 6.3 0.30 0.84 8.8 15.7 24.5
10/02 785 4.7 8.7 4.0 22.3 2.73 8.19 0.16 1.08 2.3 17.3 19.6
10/16 | 1,279 6.1 9.1 3.0 19.9 3.27 9.81 0.59 1.04 6.4 16.3 22.7
10/23 | 2,068 6.4 9.1 2.7 19.5 2.03 6.09 0.24 0.50 11.0 13.3 24.3
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TableF-4

1999
M ossdale (Ib/day) Station R3 (Ib/day) Station R7 (Ib/day)
Flow | DO NH3 KJ Chlor DO NH3 KJ Chlor DO NH3 KJ Chlor
Date | (cfs) Deficit | BOD, NBOD, | NBOD, | +Pheo | Deficit | BOD, NBOD, | NBOD, | + Pheo | Deficit | BOD, NBOD, | NBOD, | +Pheo
8/24 850 0 52,326 2,098 18,879 252 | 16,524 | 48,195 4,195 16,781 202 | 16,524 66,096 2,098 16,781 46
8/31 | 1,024 2,765 | 53,084 2,527 | 20,216 271 | 21,012 | 63,037 | 12,635 | 27,797 111 | 19,354 | 66,355 5054 | 11,372 66
9/07 | 1,022 | +4,967 | 102,650 2522 | 17,655 364 | 17,108 | 117,550 | 10,088 | 40,353 94 | 18,764 | 102,650 5,044 | 17,655 33
9/14 | 1,157 + 625 | 112,460 5,710 22,842 281 | 20,618 | 146,199 11,421 28,552 137 | 26,241 | 153,696 5,710 22,842 94
9/21 | 1,135 2,452 | 128,709 8,403 30,810 208 | 17,161 | 132,386 19,607 50,417 116 | 23,903 | 154,451 11,204 28,010 49
9/28 395 2,133 28,156 1,950 8,773 73 | 10,452 60,790 9,748 22,420 38 5,546 31,355 975 5,849 55
10/05 494 4,001 | 36,013 1,219 9,753 75| 12538 | 41,615 | 21,944 | 46,326 72 9,870 | 30,411 1,219 6,095 19
10/19 623 1,009 | 44,407 3,075 | 12,300 94 | 12,111 | 84,778 | 10,762 | 26,136 27 | 18,840 | 84,778 1,537 7,687 27
10/26 592 3516 | 47,952 2,922 11,688 38 | 10,869 77,682 17,531 39,445 32 | 16,623 76,723 2,922 6,574 16
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Table F-5

2000
M ossdale (Ib/day) Station R3 (Ib/day) Station R7 (Ib/day)
Flow | DO NH3 KJ Chlor DO NH3 KJ Chlor DO NH3 KJ Chlor
Date | (cfs) Deficit BOD, NBOD, | NBOD, | + Pheo | Deficit | BOD, NBOD, | NBOD, | + Pheo | Deficit | BOD, NBOD, | NBOD, | +Pheo
6/20 | 1,202 | +11,034 | 83,731 8,899 16,315 545 | 11,683 | 93,468 5,933 23,730 435 | 16,876 | 19,472 2,966 26,697 78
6/27 652 | +15492 | 41,193 1,609 5,632 426 6,690 | 32,743 1,609 5,632 225 9,154 | 10,562 1,609 5,632 56
7/11 634 | + 8217 | 49,300 1,565 5,476 421 | 11,640 | 30,812 1,565 5,476 154 9,586 | 16,433 1,565 5,476 82
7/18 662 | +11,082 | 46,115 1,634 5,718 458 | 10,367 | 37,535 1,634 5,718 179 9,294 | 18,231 1,634 5,718 57
7/25 770 | + 6,237 | 57,380 1,900 6,651 370 7,484 | 37,422 1,900 6,651 187 | 11,227 | 13,721 1,900 6,651 33
8/01 759 | +12,296 | 41,806 1,873 6,556 430 6,558 | 30,740 1,873 6,556 238 | 13,116 | 19,673 1,873 6,556 74
8/08 837 | +10,396 | 36,610 2,066 7,229 294 | 12,203 | 29,831 2,066 7,229 176 | 12,655 | 16,271 2,066 7,229 63
8/15 725 | +11,354 | 39,933 1,789 6,262 262 6,656 | 25,839 1,789 6,262 133 | 12,528 | 14,094 1,789 6,262 47
8/22 | 1,251 | + 2,702 | 40,532 3,087 10,805 311 | 12,160 | 44,586 3,087 10,805 257 | 16,888 | 24,319 3,087 10,805 182
8/29 | 1,447 | + 3,126 | 51,571 3,571 12,498 680 | 10,158 | 51,571 7,142 16,069 281 | 21,097 | 36,162 3,571 17,855 172
9/12 | 1,277 | +11,723 | 37,237 3,151 11,030 469 8,275 | 53,787 3,151 11,030 331 | 15,171 | 31,022 3,151 11,030 110
9/19 | 1,224 | + 8592 | 43,623 3,021 10,572 370 7,271 | 45,606 3,021 10,572 212 | 18,507 | 29,743 3,021 10,572 106
926 | 1,372 | + 4445 | 37,785 3,386 | 11,850 259 2964 | 51,121 | 16,929 | 40,630 244 | 11,113 | 33,340 6,772 | 15,236 156
10/03 | 1,201 5188 | 50,586 2,964 10,373 188 | 16,862 | 36,967 23,711 94,842 156 | 20,753 | 29,184 2,964 10,373 52
10/17 | 2,141 3,468 | 52,026 5,284 18,492 393 | 24279 | 69,368 5,284 18,492 139 | 38,153 | 52,026 10,567 36,985 127
10/24 | 2,416 11,742 | 125,245 5,962 20,868 417 | 20,874 | 90,020 5,962 20,868 170 | 27,397 | 58,704 5,962 20,868 183
10/31 573 5,260 | 26,920 4,242 7,777 43 7,117 | 15,780 4,242 16,969 31 -- -- -- -- --

F-12




TableF-6

2001
M ossdale (Ib/day) Station R3 (Ib/day) Station R7 (Ib/day)
Flow | DO NH3 KJ Chlor DO NH3 KJ Chlor DO NH3 KJ Chlor
Date | (cfs) Deficit BOD, NBOD, | NBOD, | + Pheo | Deficit | BOD, NBOD, | NBOD, | +Pheo | Deficit | BOD, NBOD, | NBOD, | +Pheo
6/12 674 | +10,191 | 56,778 832 10,312 251 | 12,011 | 39,308 7,319 14,970 85 9,009 | 24,021 3,327 11,310 22
6/19 610 | +12,188 | 57,316 13,699 48,322 313 | 10,211 | 35,575 7,828 23,484 116 | 12,847 | 10,277 3,613 10,538 17
6/26 746 | + 8,057 | 55,592 2,025 | 27,799 375 | 17,725 | 36,256 | 16,569 | 44,183 111 | 12,488 7,614 2577 | 13,623 46
7/10 622 | +10,748 | 63,481 5,372 23,792 363 | 12,763 | 27,206 4,298 19,341 100 8,397 | 13,099 2,763 9,517 28
7117 657 | + 3903 | 44,702 2,108 16,700 401 | 10,289 | 36,188 11,836 36,967 191 | 12,417 | 14,581 2,918 11,836 47
7/24 618 | +13,683 | 40,046 2,440 23,792 304 | 14,350 | 14,016 12,963 35,840 71 9,010 9,711 3,203 10,371 50
7/31 599 | + 4528 | 36,874 | 11,974 | 34,147 336 | 12,938 | 24,260 | 10,643 | 29,121 133 | 10,998 7,957 4,139 | 14,486 60
8/07 577 | + 623 | 24,303 7,832 | 26,343 209 | 10,282 | 26,173 | 12,103 | 32,038 113 8,413 4,674 3,987 | 14,097 50
8/14 583 | + 2,833 | 40,612 11,222 34,242 261 6,926 | 29,278 13,524 33,666 156 9,130 | 17,000 2,302 14,675 51
8/21 626 2,366 | 23,325 1,699 16,530 183 | 11,493 | 36,508 16,221 43,256 113 | 10,141 | 11,865 2,163 14,213 55
8/28 634 1,027 | 18,487 782 13,612 178 | 12,667 | 34,921 5,632 24,408 111 | 13,694 | 18,487 782 14,551 63
9/11 610 988 | 36,563 | 15,054 | 37,634 240 7,576 | 36,563 5,419 | 23,484 133 7,576 | 13,143 753 | 11,290 64
9/18 792 0| 47,472 11,922 45,149 269 | 11,547 | 25,661 12,118 44,367 238 | 16,252 | 45,805 1,759 15,050 78
9/25 | 1,143 6,789 | 49,995 16,078 55,568 333 | 14,196 | 59,253 9,308 43,157 352 | 26,540 | 38,885 8,462 32,156 151
10/02 785 4663 | 44,510 11,430 | 40,488 165 9,326 | 45,781 11,236 43,200 208 | 16,956 | 34,717 3,100 24,022 83
10/16 | 1,279 6,907 | 35,224 22,410 60,286 207 | 15,195 | 68,375 66,283 | 140,456 231 | 20,720 | 67,754 18,337 51,448 157
10/23 | 2,068 | 15,634 | 43,552 2,552 | 21,434 257 | 29,035 | 60,303 | 17,777 | 56,648 297 | 30,151 | 68,008 | 12,248 | 37,765 271
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TableF-7

2002 Data for SJIR at M ossdale

Month BODsp BODs Chlorophyll* | Pheophytin*
(mg/L) (mg/L) a (pa/L) a(pg/L)
January - - 3.04 141
February - - 6.31 1.68
March - - 6.73 3.62
April - - 12.6 4.10
May - - 33.6 6.35
June 8 52 109 25.0
July 11 7.2 114 30.8
August 11 7.2 120 34.6
September 7 4.6 83.7 43.1
October 6.5 4.2 - -
November 5 3.2 - -
December 5.6 3.6 - -
* Chlorophyll and pheophytin data are provisional, and under review

No data available

BODs = BOD;p * 0.65

Source: R. Dahlgren (pers. comm., 2003)
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TableF-8
City of Stockton Wastewater Treatment Plant Effluent Characteristics, 2002
Monthly Averages

Month Flow CBODs | Ammonia | OrganicN Nitrate Nitrite
2002 (cf9) (mg/L) (mgN/L) (mgN/L) (mgN/L) (mgN/L)

January - - - - - -
February 39 8.4 22 2.3* - -
March 43.5 8.4 22.7 2.3* - -

April 43 5 4.3 2.3* - -

May 58 35 2 2.3 7.9 0.04
June 51 3.9 2.6 2.4 5.2 0.07
July 60 4.3 2.3 2.7 1.1 0.056
August 53 4 10.8 3.1 <0.2 0.06
September 59 4.1 23.9 2.5 <0.2 0.12
October 52 4 27.1 31 <0.2 0.04
November 59 4.7 27.9 3.7 <0.2 0.04
December 60 3.7 26.6 4.2 0.3 0.06
Jan 2003 52 4.3 24.9 4.6 <0.4 0.09

-  Nodataavailable
*  Estimated value
Source: J. Marshall, CVRWQCB (2003)
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TableF-9
2002 City of Stockton BOD, L oads

Month CBODs CBOD, NH;3; + OrgN NBOD, Total BOD,
(mg/L) (Ib/day) (mg/L N) (Ib/day) (Ib/day)
January - - - - -
February 8.4 4,423 24.3 23,387 27,810
March 8.4 4,876 25.3 26,847 31,723
April 5.0 2,902 6.6 7,004 9,906
May 35 2,740 4.3 6,155 8,895
June 39 2,685 5.0 6,293 8,978
July 4.3 3,483 5.0 7,403 10,886
August 4.0 2,862 13.9 18,180 21,042
September 4.1 3,266 26.5 38,584 41,850
October 4.0 2,808 30.1 38,626 41,434
November 4.7 3,744 31.7 46,155 49,899
December 3.7 2,997 31.2 46,197 49,194

NBOD, = (NH; + OrgN) * 4.57 * City Flow * 5.4
Total CBOD, = CBODs * 5.4 * City Flow * 2.5
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Appendix G
Responsesto Request for Comments on
Impact of Minimizing SIR Vernalis Diversion down Old River

Subj: Re: Effects of SJR Flow Down Old River on DWSC DO
Date: 2/10/2003 4:51:57 PM Pacific Standard Time

From: Jherrlaw
To:

Gfredlee
Dear Dr. Lee:

The questions and suggestions you raise run into long standing water rights issues. Absent the export
pumps for the state and federal projects, the flow of the San Joaquin River would naturally split at the
point where Old River breaks off from the main stem. Approximately half of the flow would go each way.
The export pumps draw water toward themselves by lowering the water levels in the immediate vicinity,
which causes the surrounding waters to flow towards the low spot. The net effect is that not only is
Sacramento water drawn to the export pumps, but local waters also are drawn directly to the pumps,
including the flows from Old River. When the exports are in excess of the Vernalis flow, most if not all
(depending on tides) of the San Joaquin River is drawn through the South Delta to the pumps.

This additional flow does not help local diversions because the lowered water levels remain a function of
the export pumps. Absent a decrease or shut down of the export pumps, this condition will continue. In
the discussions between SDWA, DWR and USBR, it was decided that the only way to mitigate this
lowered water level problem (there is also a quality problem) was to trap the incoming high tides when
necessary and isolate the trapped tidal water from the export pumps. This action, depending on flow and
tides, also results in more if not all of the flow of the San Joaquin River going down the main stem to the
DWSC. This action also results from the installation and operation of the HOR barrier.

However, the HOR batrrier, by cutting off San Joaquin River flow exacerbates the lowered water level
problems in the South Delta because the export pumps continue to operate. To address this, the relevant
parties have agreed to allow flow through the HOR when necessary to meet local diversion needs.

At this time, the tidal barriers are only allowed to operate from (approx) April through November. Any
proposal to operate the HOR outside of its currently authorized time frame (April - June and September -
October) would have the same effect of exacerbating the lowered levels in the South Delta if the tidal
barriers are not also functioning. Hence, we don't want to cure the DO problem by making the water level
problem worse.

Proposing to alter Sacramento and San Joaquin River flows to help meet the DO objective makes sense,
but will be strongly opposed by DWR, USBR, and their contractors. Current modeling indicates that the
projects are incapable of meeting all their obligations, and therefore any proposed allocation of flows for
DO will end up shorting some other use.

Given the above, Alex has proposed additional pumping over the tidal barriers (to increase the amount of
water trapped behind them). Such an action would provide additional DWSC flow, while not affecting the
total amount of water in the system or exports. Once the water flows through the DWSC it meets the
cross-Delta flow and can head for the export pumps. This has the same effect as your proposal to pull
more water to the pumps but also takes care of the local diverters.
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Without having and numbers for support, | conclude that the operation of the export pumps is just as
responsible for the DO sags as is the DWSC. The Regional Board should, as part of their TMDL, request
the SWRCB use its water rights authority to make the projects mitigate their effects on DO.

Hope this helps,
JOHN HERRICK

JOHN HERRICK

Attorney at Law

4255 Pacific Avenue, Suite 2
Stockton, CA 95207

(209) 956-0150

(209) 956-0154 FAX
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Subj: Re: Effects of SJR Flow Down Old River on DWSC DO
Date: 2/10/2003 11:14:01 PM Pacific Standard Time

From: DeltaKeep
To: G. Fred Lee

CC.

Fred: As | observed, you've suggested an elegant, intelligent and sensible approach. Beyond that, you're
probably right. The only downside | can see is that it would entail a replumbing of the Central Valley and
a massive water rights proceeding. As John points out, DWR, the Bureau and contractors would likely
come unglued. | suspect that DFG, NMFS and USFWS might also find themselves mainlining malox. A
potential solution might be to dredge Old and Middle Rivers and Grantline Canal and pump Sacramento
River water into the South Delta for recirculation (not sure tidal flow would be sufficient). Entrainment is a
likely problem. Water quality might be (and who is going to pay for the baseline monitoring?). The
comparative costs of aeration might seem like chump-change. The obvious solution is to eliminate the
Friant Kern canal. Alternatively, shut down the pumps and let the folks down south drink Gatorade. |
believe a global solution that includes a tweaking of the HOR barrier, aeration, load reductions, a cap on
diversions/loads and the tagging of all responsible parties with the responsibility for solving the problem
would move us incrementally in the direction of a solution. | agree with John that the pumps should
mitigate. | would be remiss if | neglected to mention that we still believe that pumping from the South
Delta into the San Joaquin would require a permit. | really enjoyed reading your "Effects" paper. You
have likely glimpsed what the rest of us haven't yet perceived. By the way, DO at R&R has rebounded all
the way up to 0.4 mg/l. Cheers! Bill
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Subj: Re: Effects of SJR Flow Down Old River on DWSC DO
Date: 2/11/2003 5:19:35 PM Pacific Standard Time
From: hildfarm@gte.net

To:
Gfredlee@aol.com, Deltakeep@aol.com, jherrlaw@aol.com
CC: FoeC@rb5s.swrcb.ca.gov, GowdyM@rb5s.swrcb.ca.gov
File: RonOttbarriersandfish.doc (26112 bytes) DL Time (26400 bps): < 1 minute

Sent from the Internet (Details)

TO: Fred, John, and Bill

FROM: Alex Hildebrand

Thank you, Fred, for your 2/10 e-mail re flow down Old River. We are sending a copy of a recent e-mail
to Ron Ott which also addresses keeping Vernalis flow out of Old River and even augmenting flow into
the DWSC by reversing flow from Old River into the San Joaquin for fishery benefit. This is physically

entirely feasible and is what | have urged for some time as a way to address various problems.

| have read John and Bill's comments. Hopefully my e-mail to Ron Ott responds in some degree to their
comments. Perhaps a four-way conference call on the issue would be useful.

With regards to all three of you,

Alex

February 6, 2003

To: Ron Ott ronott@water.ca.gov
From: Alex Hildebrand hildfarm@gte,net
Phone (209) 823-4166

Fax (209) 825-6180
Dear Ron:

Thise-mail isto explain in somewhat greater detail the suggestion | made on January 29
for an aternate way to dispose of fish that are screened at the export facilities. Y ou pointed out
that better screening of fish will have limited value if we don’t also reduce the mortality of
screened fish during the process of returning them to the Delta. Y ou also discussed the difficulty
resulting from debris at the screens. A substantial portion of that debris derives from the San
Joaguin River.

Background



| will first outline the future South Delta hydraulics on which the fish disposal system
would be superimposed. The preferred alternative in the SDIT EIR will provide for three
permanent tidal barriersto protect the South Delta’ s in-channel water supply from the drawdown
of water levels and the lowering of water quality caused by export pumping. These barriers will
operate on an as needed basis all year around. There will also be an operable barrier at the head
of Old River (HOR) that will be operated from approximately April 15 to May 15 and again in
October and November for protection of San Joaguin salmon. When the HOR barrier is
operating, most of the water, fish, and debris in the San Joaquin River will be routed past
Stockton to the central Delta. When the HOR barrier is open, the threetidal barriers will do
almost the same thing providing that all three are operated. They will not all three be needed to
protect the in-channel water supply when Vernalis flows are substantial, but they could be most
of thetime. When the inflow to Old River isless than the local diversions upstream of the
barriers, enough water has to flow into the channels from the downstream side during the flood
tide so that the barriers can capture it to maintain water level through the low tide. When export
operations substantially reduce the high tide level during the conditions of low Vernalis flow,
this high tide fill up of channels does not occur, and the deficit then has to be made up by using a
low lift, fish friendly pump to pump upstream over one of the barriers.

Alternate method for disposal of screened fish

The purpose of the above description isto explain why the facilities will be available and
could be operated to maintain anet daily flow up through Old River into the San Joaguin during
dry year and typical summer San Joaquin River flow conditions. Thiswould keep San Joaquin
fish and debris from being drawn through Old River and Grantline Canal to the export pumps. It
would also permit a continuous piping of screened fish to the east side of the Grantline Canal
barrier to flow to the central Deltavia Old River and the San Joaquin River. The fish would then
never be concentrated or handled as they are for trucking and at the point of truck discharge.

It istrue that some of these fish may get drawn back to the pumps from the central Delta.
However, modeling has shown the velocity of flow from the central Deltatoward the pumpsis
small compared to the tidal flowsin the central Delta. They have also shown that most of the
dissolved materials, such as salt, in the San Joaquin River do not end up at the export pumps if
they arefirst conveyed to the central Delta

Every method of conveying screened fish will have pros and cons. However, | believe
this method deserves consideration.



February 23, 2003

To: Kirk Rodgers krodgers@mp.usbr.gov
From: Alex Hildebrand hildfarm@gte.net
Phone (209) 823-4166
Fax (209) 815-6180
CC: Dianna Jacobs dkjacobs@dfg.ca.gov
Tim Quinn tquinn@mwdh2o0.com
Ron Ott ronott@water.ca.gov
Chris Foe foec@rb5s.swrch.ca.gov
Fred Lee Gfredlee@aol.com
John Herrick jherrlaw@aol.com

During the South Delta Fish Forum meetings there has been extensive discussion of the
difficulty of screening and preserving fish at the export facilities. The situation differs from
major screening operations el sewhere because the screens are at an hydraulic “dead end”. This
precludes flushing screened fish past the screens and exacerbates serious problems caused by
drawing trash to the screens.

At the January 29 meeting | suggested a possible method of preserving screened fish by
discharging them on a continuous basis upstream of the three anticipated permanent South Delta
tidal barriers, and moving them to the central Deltavia Old River and the San Joaquin River.
This concept was further explained in my February 6 e-mail to Ron Ott which is attached hereto.

At the February 18 meeting | suggested that by taking that proposal a step further we
could avoid the “dead end” problem most of the time. Any way of addressing the fish-screening
problem will have pros and cons. On the pro side, this concept would incidentally also
substantially reduce the trash problem, and the difficulty of meeting salinity and dissolved
oxygen requirements in South Delta channels and the dissolved oxygen standard in the Stockton
Ship Channel, and would reduce salinity in the DMC and the main stem of the San Joaquin
River.

This e-mail responds to your request for awritten explanation of this concept. | won’t
repeat the background provided in the e-mail to Ron Ott.

The concept includes moving the CVP intake to Clifton Court and putting an additional
tide gate south of the Clifton Court intake. Screened water would then be taken into Clifton
Court during the flood tide. At that time all tide gates would be open. The screened fish and
trash would be swept on past the screens by the water needed to fill up many miles of South
Deltachannel. Thetide gates would all be closed during the ebb tide so that screened fish would
not be drawn back to the screens.
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During the ebb tide the intake of water to Clifton Court would be reduced or eliminated.
Any fish that are screened during the ebb tide would be held until they could be added to the
bypass flow during the next flood tide.

During low Vernalis flow and low local agricultural diversions (such as al this winter)
there will be tidal pumping of water up through the head of Old River and thence down the San
Joaquin to the central Deltaif all tidal barriers are operated. AsVernalisflowsincrease, the
water stage at the head of Old River increases. When the Vernalis flow istoo high for tidal
pumping it will be necessary to augment the water stage upstream of the barriersin order to
maintain the daily flow up through the head of Old River. Thiswould be done with one or more
low-lift, fish-friendly pumps at one or more of the tidal barriers. (Some such pumping will be
needed even without this proposed concept when low Vernalis flow, high local diversions, large
drawdown of high tide levels by export pumping, and low natural tides combine to create the
conditions which we apparently had last July).

AsVernalisflowsincrease further it will be necessary to use a second stage of low head
booster pumping over a barrier at the head of Old River. When the Vernalis flow exceeds about
6000 cfs (which is not much of the time), it will not be possible to reverse flow in Old River.
However, the fish could then be flushed downstream instead of upstream past the screens at
times when the flow into Clifton Court is less than the flow down Old River.

Water quality benefits related to this concept were mentioned above but will not be
explained here because they are not the focus of thisforum. There are obviously many details
that need to be examined and modeled. However, the benefit of reducing the “ dead end”
problem should justify examination of a concept that may reduce that problem. Thisis
particularly trueif it can be done while aso benefiting rather than exacerbating some serious
water quality problems.

| urge you and your co-chairsto arrange to have these concepts eval uated.

Attachment



Subj: Re: Effects of SJR Flow Down Old River on DWSC DO
Date: 2/14/2003 10:24:11 AM Pacific Standard Time

From: Jherrlaw
To: FoeC@rb5s.swrcb.ca.gov
CC.
DeltaKeep, Gfredlee, hildfarm@gte.net, GowdyM@rb5s.swrcb.ca.gov
Dear Chris:

Neither Alex or | remember any study which measured the "natural” split of flows where Old River
breaks off from the main stem. The 1980 Report on the Effects of the CVP on the Delta may have that
info included in its calculations, but it may not be apparent even to the educated eye. [l will forward you a
copy of that Report as it shows what the projects do to the water levels, circulation, flows and quality in
the South Delta.] Alex believes that if the Report has the info, it may not be up to date in light of
subsequent changes.

Your next question dealt with exporter preference to water going down Old River or being forced
towards the Central Delta. We must make a distinction between federal and state contractors. The
Exchange contractors receive their water through the DMC which takes water from the federal pumps. It
is these pumps which would take in most of the San Joaquin flows when no HOR or tidal barriers are
installed or operated. Hence, their water quality would get worse at those times the San Joaquin has
poor quality. They therefore, like all DMC users, should prefer that less water be allowed to go down Old
River.

Southern Cal gets its water from the state pumps which fill Clifton Court Forebay which feeds the
California Aqueduct. These pumps get much less of the San Joaquin flow when barriers are absent due
to their location and the hydraulics of the Sacramento water getting to both the state and federal pumps.
Barrier modeling shows that use of the tidal barriers in some summer months (actually during poor quality
times) can slightly raise the TDS of the water at Clifton Court even after it has been diluted in the Central
Delta. As I recall, its only by a few parts. They therefore would prefer the water go down Old River under
those limited circumstances. However, DWR, as the proponent of the tidal barrier project concludes this
increase in TDS under the limited circumstances is insignificant. Contra Costa, which has a diversion
downstream (north) of the state pumps, disagrees and doesn't want a 5 parts or less increase at their
diversion.

That's a long explanation/guess at what other might prefer. | will pull the old MOU and fax it to
you. JOHN

JOHN HERRICK

Attorney at Law

4255 Pacific Avenue, Suite 2
Stockton, CA 95207

(209) 956-0150

(209) 956-0154 FAX
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